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ABSTRACT 

The Gemini Deep Deep Survey (GDDS) is an ultra-deep {K < 20.6 mag, / < 24.5 mag) 
redshift survey targeting galaxies in the "redshift desert" between I < z < 2. The primary goal 
of the survey is to constrain the space density at high redshift of evolved high-mass galaxies. 
We obtained 309 spectra in four widely-separated 30 arcmin^ fields using the Gemini North 
telescope and the Gemini Multi-Object Spectrograph (GMOS). The spectra define a one-in-two 
sparse sample of the reddest and most luminous galaxies near the I — K vs. I color-magnitude 
track mapped out by passively evolving galaxies in the redshift interval 0.8 < z < 1.8. This 
sample is augmented by a one-in-seven sparse sample of the remaining high-redshift galaxy 
population. The GMOS spectrograph was operating in a Nod & Shuffle mode which enabled 
us to remove sky contamination with high precision, even for typical exposures times of 20-30 
hours per field. The resulting spectra are the deepest ever obtained. In this paper we present our 
sample of 309 spectra, along with redshifts, identifications of spectral features, and photometry. 
This makes the GDDS the largest and most complete infrared-selected survey probing the red- 
shift desert. The 7-band (VRIzJHKs) photometry is taken from the Las Campanas Infrared 
Survey. The infrared selection means that the GDDS is observing not only star-forming galax- 
ies, as in most high-redshift galaxy surveys, but also quiescent evolved galaxies. In our sample, 

'On leave of absence from INAF, Osservatorio Astrononiico di Roma, Italy. 
^Hubble Fellow 
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we have obtained 225 secure redshifts, 167 of which are in the redshift interval 0.8 < ^ < 2. 
About 25% of these show clear spectral signatures of evolved (pure old, or old + intermediate- 
age) stellar populations, while 35% of show features consistent with either a pure intermediate- 
age or a young -i- intermediate-age stellar population. About 29% of the galaxies in the GDDS 
at 0.8 < z < 2 are young starbursts with strong interstellar Unes. A few galaxies show very 
strong post-starburst signatures. Another 55 objects have less secure redshifts, 31 of which lie 
in the redshift interval 0.8 < z <2. The median redshift of the whole GDDS sample is z = 1.1. 
Spectroscopic completeness varies from a low of ~ 70% for red galaxies to > 90% for blue 
galaxies. In this paper we also present, together with the data and catalogs, a summary of the 
criteria for selecting the GDDS fields, the rationale behind our mask designs, an analysis of the 
completeness of the survey, and a description of the data reduction procedures used. All data 
from the GDDS are publicly available. 

Subject headings: galaxies: evolution 

1. INTRODUCTION 

The Gemini Deep Deep Survey (GDDS) is an infrared-selected ultra-deep spectroscopic survey prob- 
ing the redshift range 0.8 < z < 1.8. It is designed to target galaxies of all colors at high redshift with 
an emphasis on the reddest population. The survey is designed with the following scientific goals in mind: 
(1) Measurement of the space density and luminosity function of massive early-type galaxies at high red- 
shift. (2) Construction of the volume-averaged stellar mass function in at least three mass bins and two 
redshift bins over the target redshift range. (3) Measurement of the luminosity-weighted ages and recent 
star-formation histories of ~ 50 evolved galaxies at z > 1 (cf. Dunlop et al. 1996). The over-arching goal 
of the survey is to use these sets of observations to test hierarchical models for the formation of early-type 
galaxies. Many studies (see Ellis (2001) for a recent review) have probed the evolving space density of 
early-type systems and it is now clear that the number density of early-types does not evolve rapidly out to 
z = 1, as once predicted by matter-dominated models (see Elhs 2001 for a review). However, A-dominated 
cosmologies push back the formation epoch of most early-type systems out to at least z = 1 even in a hi- 
erarchical picture. Alternative theories for the origin of early-type galaxies (e.g. high-z monolithic collapse 
vs. hierarchical formation from mergers) now start to become readily distinguishable at exactly the redshift 
(z = 1) where spectroscopy from the ground becomes problematic (Kauffmann et al. 1998). 

Our focus on the redshift range 0.8 < 2 < 1.8 is motivated by two additional considerations. Firstly, 
the star-formation histories of individual galaxies in this redshift range have been very poorly explored. We 
do not even know whether most red objects in this range are old and quiescent, or very young and active 
and heavily reddened by dust. Distinguishing between these two possibilities requires high signal-to-noise 
in the continuum so that the characteristic photospheric features of evolved stars become evident, but most 
work in this redshift range has focused on emission lines. Secondly, and irrespective of model predictions, 
this redshift range appears to correspond to the peak epoch of galaxy assembly inferred by integrating 
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under the 'Madau/Lilly plot', an observationally-defined diagram quantifying the volume-averaged star- 
formation history of the Universe as a function of redshift (Madau et al. 1996; Lilly et al. 1996; Steidel et 
al. 1999). The high-redshift tail of this plot is subject to large and uncertain dust and surface-brightness 
corrections, and remains rather poorly determined, and recent observations have pushed back the peak of 
star-formation, showing a broad maximum in redshift (for a summary of the observational situation, see 
Figure 2 in Nagamine et al. 2003). However, the integral under the Madau/Lilly plot is simply the total mass 
assembled in stars per unit volume, so by measuring this quantity directly in the GDDS we can undertake 
a basic consistency check of the overall picture inferred from global star-formation history and luminosity 
density diagrams. 

Spectroscopy of galaxies in the redshift range we seek to probe suffers from technical challenges 
brought on by the lack of strong spectral features at visible wavelengths. The redshift range 1 < z < 2 
has come to be known as the "redshift desert", in reference to the paucity of optical redshifts known over 
this interval. Fortunately, it is now becoming clear that redshifts and diagnostic spectra can be obtained 
using optical spectrographs in this redshift range, by focusing on rest-frame UV metallic absorption fea- 
tures. Good progress is now being made in obtaining redshifts for UV-selected samples in the redshift 
desert using the blue-sensitive LRIS-B spectrograph on the Keck telescope (Steidel et al. 2003; Erb et al. 
2003). However, UV-selected surveys are biased in favor of high star-formation rate galaxies, and the pas- 
sive red galaxies with high mass-to-hght ratios that are missed by UV-selection could well dominate the 
high-z galaxy mass budget, motivating deep iC-selected surveys such as the VLT K20 survey (Cimatti et al. 
2003), and ultra-deep small area surveys such as FIRES (Franx et al. 2003). We refer the reader to Cimatti 
et al. (2004) for an excellent summary of recent results obtained from infrared-selected surveys probing 
high-redshift galaxy evolution. The GDDS is designed to build upon these results. 

Because their rest-UV continuum is so weak, determining the redshifts of passive red galaxies at 2 ~ 
1.5 with 8m-class telescopes presently requires extreme measures. Ultra-deep (> 10 hour) integration times 
and Poisson-limited spectroscopy are required in order to probe samples of red galaxies with zero residual 
star-formation and no emission lines. This poses a severe problem, because MOS spectroscopy with 8m- 
class telescopes is generally not Poisson-limited unless exposure times are short (less than a few hours). 
The main contributors to the noise budget are imperfect sky subtraction and fringe removal. At optical 
wavelengths, both of these problems are most severe redward of 7000A, where most of the light from 
evolved high redshift stellar populations is expected to peak. To mitigate against these effects, the Gemini 
Deep Deep Survey team has implemented a Nod & Shuffle sky-subtraction mode (Glazebrook et al. 2001; 
Cuillandre et al. 1994; Bland-Hawthorn 1995) on the Gemini Multi-Object Spectrograph (Murowinski et al. 
2003; Hook et al. 2003). This technique is somewhat similar to beam-switching in the infrared, and allows 
sky subtraction and fringe removal to be undertaken with an order of magnitude greater precision than is 
possible with conventional spectroscopy. 

In order to undertake an unbiased inventory of the high-redshift galaxy population, the GDDS is K- 

band selected to a sufficient depth (K = 20.6 mag) to reach L* throughout the 1 < z < 2 regime. IR- 
selected samples that do not reach to this K-band limit are limited primarily to the z < 1 epoch, while 
samples that go substantially deeper outrun the capability of ground-based spectroscopic follow-up for the 
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reddest objects, and once again become biased. The standard definition for an 'Extremely Red Galaxy', or 

ERG, is I — K > A, a threshold which roughly corresponds to the expected color of an evolved dust-free 
early-type galaxy seen at z 1. As will be shown below, the effective limit for obtaining absorption-line 
redshifts for red galaxies with weak UV continua is about I = 25 mag with an 8m telescope. (Our GDDS 
spectroscopy — the deepest ever undertaken — has a magnitude Umit of / = 24.5 mag). Therefore at present 
it is only just possible to obtain a nearly complete census of redshifts for all evolved red objects in a if ~ 21 
imaging survey. Our strategy with the GDDS is to go deep enough to allow redshifts to be obtained for 
galaxies irrespective of star-formation history at z --^ 1.5, while simultaneously covering enough area to 
minimize the effects of cosmic variance. Our sampling strategy (based on photometric redshift pre-selection 
to eliminate low-z contamination) is different from that adopted by most other redshift surveys. In terms 
of existing surveys, the K20 survey (Cimatti et al. 2003) is probably the closest benchmark comparison 
to the GDDS, although the experimental designs are very different, making the K20 and GDDS surveys 
quite complementary. The K20 survey has about twice as many redshifts as the GDDS, but because K20 
survey does not preferentially select against low -redshift objects, most of these are at z < 1. The GDDS 
has between two and three times as many redshifts as K20 in the interval 1.2 < z < 2 (the precise number 
depending on the minimum acceptable redshift confidence class), and has a higher median redshift {z ^ l.l 
vs. z ~ 0.7). The GDDS also goes about 0.6 mag deeper in K and has over twice the area (121 square 
arcmin in four widely-separated site-Unes in the GDDS vs. 52 square arcmin in two widely-separated site- 
lines in K20). 

A plan for this paper follows. In §2 we describe our experimental design, with a particular focus on how 

our targets were selected from the Las Campanas Infrared Survey. In §3 we outline our observing procedure, 
but defer the details of the Nod & Shuffle mode that are not specific to the GDDS to an Appendix. (Nod 
& Shuffle on the Gemini Multi-Object Spectrograph was implemented for use on the GDDS but is now a 
common-user mode. Since many observers may wish to use the mode themselves in contexts unrelated to 
faint galaxy observations, the Appendices to this paper will act as a stand-alone reference to using the mode 
on Gemini). In Section 4 we summarize the data obtained from the GDDS, both graphically and as a series 
of tables. Composite spectra obtained by co-adding similar spectra are presented in Section 5. We used 
these composite as templates to obtain redshifts in the GDDS, but others may wish to apply them to their 
own work for other purposes^ . Some implications from the data obtained are discussed and our conclusions 
given in Section 6. The major results from the GDDS will be presented in three companion papers^. 

Appendix A describes the operation of the Nod & Shuffle mode on the Gemini Multi-Object Spectro- 
graph (Hook et al. 2003) (GMOS) in the context of the GDDS. A more general description of the imple- 
mentation of the mode will be given in Murowinski et al. (in preparation). Appendix B describes how the 



'it should be bom in mind that these composites are constructed from galaxies covering a wide range of redshift and time. Most 
analyses on composites would require a more restricted range, e.g. paper II (Savaglio et al. 2004). 

^Savaglio et al. 2004 [paper II] presents measurements of column densities and metallicities of star-forming galaxies in our 
Sample. Glazebrook et al. 2004 [paper III] presents the mass function from the GDDS. McCarthy et al. 2004 [paper IV] will 
present an analysis of the stellar populations in the reddest galaxies in our sample. 
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two-dimensional data from the GDDS were reduced. Appendix C describes how the final one-dimensional 
spectra were extracted from the two-dimensional data. 

The catalogs presented in this paper, as well as reduced spectra for all galaxies in the GDDS, are 
available in electronic form as a digital supplement to this article. All software described in this paper, as 
well as auxiliary data, are publicly available (in both raw and fully reduced form) from the central GDDS 
web site located at http://www.ociw.edu/lcirs/gdds.html. 

Throughout this paper we adopt a cosmology with Hq=10 km/s/Mpc, f^M = 0.3, and J^a = 0.7. 

2. EXPERIMENTAL DESIGN 

All galaxies observed in the GDDS were taken from seven-filter (BVRIz'JK) photometric catalogs 
constructed as part of the one square-degree Las Campanas Infrared survey (LCIR survey; McCarthy et al. 
2001; Chen et al. 2002; Firth et al. 2001). The GDDS can be thought of as a sparse-sampled spectroscopi- 
cally defined subset of the LCIR survey. The GDDS is comprised of four Gemini Multi-Object Spectrograph 
(GMOS) integrations, each with exposure times between 21 and 38 hours. Each GDDS field lies within a 
separate LCIR survey equatorial field. (The LCIR survey fields chosen were SSA22, NOAODW-Cetus, 
NTT-Deep, and LCIR 1511; the reader is referred to Chen et al. 2002 for information on the LCIR survey 
data available in these fields). Since the publication of Chen et al. 2002 additional imaging data has been 
acquired for these fields. Deep Kg, and in some cases, J imaging supplements the VVRIz'H data discussed 
in Chen et al. The 5a completeness limit of the LCIR survey fields is = 20.6 mag (on the Vega scale). 
The 5.5'x 5.5' GMOS field of view is small relative to even a single 13'x 13' 'tile' of the LCIR survey (four 
such tiles constitute a single LCIR survey field). We therefore had considerable freedom to position the 
GMOS pointing within each LCIR survey field in areas which avoided very bright foreground objects and 
which had suitable guide stars proximate to the fields. We were also careful to pick regions in each field 
where the number of red galaxies was near the global average {i.e. we tried to avoid obvious over-densities 
and obvious voids; our success in achieving this will be quantified below). The four GMOS fields in our 
survey will be referred to as GDDS-SA22, GDDS-SA02, GDDS-SA12 and GDDS-SAI5 for the remainder 
of this paper and in subsequent papers in this series. Taken together, these survey fields cover a total area of 
121 square arcmin. The locations of each field and the total exposure time per spectroscopic mask are given 
in Table 1. Finding charts for individual galaxies within the GDDS fields are shown in Figures 1^. 

At z = 1.2 (the median redshift of our survey), the 5.5 arcmin angle subtended by each GMOS field 
of view corresponds to a physical size of 2.74 Mpc. The total comoving volume in the four GDDS 'pencil 
beams' over the redshift interval 0.8 < z < 1.8 (the range over which L* galaxies would be detected in 
the GDDS) is 320,000 Mpc^. Over this volume the effects of cosmic variance on random pointings is quite 
significant, especially for the highly clustered red objects in our survey whose correlation length is large 
(~ 10/i~^ Mpc; McCarthy et al. 2001; Daddi et al. 2000). Fortunately, completely random pointings are 
unnecessary, because the global statistical properties of the the LCIR survey (the GDDS' parent population) 
are well defined. As mentioned earlier, we took advantage of this extra information when selecting our 
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Fig. 1. — Labeled finding cliart for tiie GDDS-SA02 field. Tiie field size is 5.5'x 5.5'. Tiie central coordinates 
for tliis field are given in Table 1. Numeric object labels correspond to the ID's in Tables 4 and 5. The 
background image is a 180 min /-band image obtained with the KPNO 4m MOSIAC imager as part of the 
LCIR survey. 
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Fig. 2. — Labeled finding cliart for the GDDS-SA12 field. The field size is 5.5'x 5.5'. Central coordinates 
for this field are given in Table 1. Numeric object labels correspond to the ID's in Tables 4 and 5. The 
background image is a 180 minute /-band exposure taken with the BTC on the CTIO 4m telescope as part 
of the LCIR imaging survey. 



-9- 



-ii GDDS-SA15 V^^' 



• * ■•V'' ' * V ' ' 



I 1 



1^ 



1 sss? » 



. * 



4 



« - 



(P. 



4 t 




Fig. 3. — Labeled finding cliart for tiie GDDS-SA15 field. Tlie field size is 5.5'x 5.5'. Central coordinates 
for this field are given in Table 1. Numeric object labels correspond to the ID's in Tables 4 and 5. The 
background is a 180 minute 7-band image obtained with the BTC on the CTIO 4m as part of the LCIR 
survey. 
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Fig. 4. — Labeled finding chart for the GDDS-SA22 field. The field size is 5.5'x 5.5'. Central coordinates 
for this field are given in Table 1. Numeric object labels correspond to the ZD's in Tables 4 and 5. The 
background image is a 120 minute /-band exposure obtained with the 12k mosaic camera on the CFHT 
kindly provided to us by P. Stetson. 
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GDDS fields by ensuring that the areal density of red (I — K > 4) galaxies was close to the ensemble 
average of such galaxies in the LCIR survey. Figure 5 compares the density contrast of red galaxies in each 
of our fields to the histogram obtained by measuring this same quantity in a series of random 5.5' x 5.5' 
boxes overlaid on the 26' x 26' LCIRS field from which the corresponding GDDS field was selected. In 
GDDS-SA15 and GDDS-SA02 the number of red galaxies is essentially identical to the median number 
expected from the parent population. The number of red galaxies in GDDS-SA22 is somewhat lower than 
the global median, while the number in GDDS-SA12 is somewhat higher than the global median. Averaged 
over the four fields, the areal density of red systems in the GDDS is close to the typical value expected. 



Histograms of Log Density Contrast for l-K>3.5 Galaxies 
in GIVIOS Field of View Areas 




Fig. 5. — The density contrast of (I — K) > 4 galaxies in each 5.5 arcmin x 5.5 arcmin GDDS field (dashed 
vertical line) compared with the histogram obtained by measuring this quantity in a series of random boxes 
overiaid on the 26' x 26' LCIRS field from which the GMOS field was selected. 
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The areal density of galaxies in the LCIR Survey with photometric redshifts in the range 1 < z <2 and 

/ < 24.5 mag is about 8 arcmin"^, corresponding to about 250 galaxies in a typical GMOS field of view. 
Since this is about a factor of four larger than can be accommodated in a single mask with GMOS, even in 
in Nod & Shuffle microslit mode, it is impossible to target every candidate 1 < z < 2 galaxy with a single 
mask. On the other hand, to reach our required depth on Gemini requires around lOOks of integration time, 
which means it is not practical to obtain many masks per field in a single semester. Fortunately, the areal 
density of red galaxies with / — Ks > 4 and I < 24.5 is only ~ 1 arcmin^^, so it is at least possible (in 
principle) to target all red galaxies in the appropriate redshift range. We therefore adopted a sparse-sampling 
strategy based on color, apparent magnitude, and photometric redshift in order to maximize the number of 
targeted galaxies occurring in our desired redshift range^, with a particular emphasis on red galaxies. Targets 
were selected from the photometric catalogs on the basis of Kg and / magnitudes measured in 3" diameter 
apertures. Complete photometric catalogs for our sample will be presented below. 

Our sparse-sampling strategy is summarized graphically in Figure 6. Each panel in this figure shows 
two-dimensional histograms of different quantities within the parameter space defined by our {I — Kg) vs. 
I photometry. The dashed line at the bottom-right corner of each panel denotes the region in this parameter 
space below which the Kg band magnitudes of galaxies become fainter than the formal 5c7 Kg = 20.6 
magnitude limit of the survey. Non-detections have been placed at the detection limit in our master data 
tables (presented below), so the bunching up of galaxies in the boxes intersected by this line is mostly 
artificial (the counts are inflated by blue galaxies undetected in Kg). 

The top-left panel of Figure 6 shows the distribution in color-magnitude space of all galaxies in a 554.7 
square arcmin subset of the LCIRS, corresponding to the parent 'tiles' of the LCIRS from within which 
our GDDS fields were chosen. The labeled track on this panel shows the expected position as a function of 
redshift of an M* (assumed to be Mk = —23.6) galaxy formed in a 1 Gyr burst at redshift z = 10. The 
position of this model old galaxy at several observed redshifts between z = 1.7 and z = 0.7 are marked with 
red dots and are labeled. Note the good agreement between the locus defined by the reddest galaxies in the 
LCIRS and the model track. Most galaxies should be bluer than our extreme old galaxy model, suggesting 
that the optimal area for a mass-limited survey targeting 0.8 < z < 1.8 should be the region defined by 
{22 < I < 24.5, 3 < (/ — Kg) < 5}. This basic conclusion is borne out by a comparison with the full 
photometric redshift distribution computed from our seven-filter photometry, shown in the top-right panel 
of Figure 6. 

Our strategy for assigning shts to objects was therefore based on the following algorithm. Firstly, we 

assigned as many slits as possible to objects with firm Kg detections (Kg < 20.6 mag), red / — Kg colors 
((/ — Kg) > 3.5 mag) and photometric redshifts greater than 0.8. As seen in Figure 6, the red (/ — Kg) 
color criterion alone gives a strong, but not perfect, selection against redshifts below 0.8. Once the number of 
allocatable shts assigned to such objects was exhausted, we then assigned shts to objects with bluer {I — Kg) 



^In GDDS-SA02 and GDDS-SA22 the full color set was not available at the time of the mask design and so only VRIz'Ks and 
VI z' HKs, respectively, were used in these two fields. The impact of the smaller filter set for these two fields on the final sample 
selection was minor, as determined from tests with the GDDS-SA12 and GDDS-SA15 catalogs. 
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GDDS Subsample Counts In Cells LCIRS-to-GDDS Sampling Ratio 
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Fig. 6. — (Top left:) A two-dimensional histogram showing the distribution in color-magnitude space of all 
galaxies in a 554.7 square arcmin subset of the LCIRS, corresponding to the parent 'tiles' of the LCIRS from 
within which our GDDS fields were chosen. The labeled track on this panel shows the expected position as 
a function of redshift of an M* (assumed to be Mk = —23.6) galaxy formed in a 1 Gyr burst at redshift 
z = 10. The position of this model old galaxy at several observed redshifts between z = 1.7 and z = 0.7 
are marked with red dots and are labeled. (Top Right:) The photometric redshift in the LCIRS parent survey, 
computed from seven-filter photometry. (Bottom left:) A two-dimensional histogram showing the number of 
independent slits assigned each cell of color-magnitude space. (Bottom right:) The relative number of slits 
as a function of the average population in each cell expected in a wide-area survey, computed by dividing the 
bottom-left panel of the figure by the top-left panel. These sampling weights are tabulated for each galaxy 
in the master data table accompanying this paper. Note that dashed lines in each of these panels correspond 
to the detection limit of the survey. See text for additional details. 
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colors but with firm Kg detections and photometric redshifts beyond z = 0.7. After doing this we started 
filUng empty space on the masks with objects whose Kg photometry fell below our Kg detection limit, but 
who's photometric redshifts were greater than 0.7. Such objects are, as a rule, the easiest to get redshifts for 
but are our lowest priority, simply because our primary focus is to learn more about the high-mass systems 
likely to be missed by other surveys. 

Our masks were designed to maximize the number of spectra per field. With this goal in mind we used 
two tiers of low-dispersion spectra in our mask designs, and laid out our sUts so as to use the 'microsht' Nod 
& Shuffle configuration described in Abraham et al. (2003) and in Appendix A. Each slit was 2.2" long 
(corresponding to two 1.1" long pseudo-slits at the two Nod & Shuffle positions) and 0.75" wide (giving a 
spectral FWHM of ~ 17A)^. Additional room for charge storage on the detector must be allowed for in the 
mask design, so each slit has an effective footprint of 4.4" on the CCDs. Our two-tier mask design strategy 
allowed spectral orders to overlap in some cases. A classification system for describing these overlaps is 
presented in Table 2. Each two-dimensional spectrum has been classified on this system and the results of 
this inspection are included in the master data table presented in this paper. Our strategy for deaUng with 
order overlaps is described in detail in Appendix C, but it is worth noting here that only modest overlaps 
were allowed, and effort was made to ensure that top-priority objects suffered little or no overlap. 

The number of slits per mask (not counting alignment holes) ranged from 59 to 83 (see Table 1). The 
highest density masks had a high proportion of low -priority (non i^^s -detected) objects and a somewhat 
greater degree of overlap. To achieve this high slit density, objects were distributed preferentialy in two 
vertical bands to the left and right of the field center. Few objects were selected near the center of the field, 
as this reduced the multiplexing options for that portion of the field. Six masks were used over the four 
fields (GDDS-SA12 and GDDS-SA22 had two masks each). In total 398 target sUts were cut into six masks, 
323 of which were unique (since in the cases where two masks were used in the same field, most sUts on 
the second mask were duplicates targeting the same galaxy as on the first mask. The second mask was used 
simply because we had time between lunations to quickly determine preliminary redshifts and drop obvious 
low-redshift contaminants and replace these with alternate targets). Our spectroscopic completeness {i.e. 
our success rate in turning slits into measured redshifts) was around 80%, with considerable variation with 
both color and apparent magnitude. A detailed investigation of spectroscopic completeness will be given in 
§3.3. 

The practical upshot of our general mask design strategy is graphically summarized in the bottom left 
panel of Figure 6. This panel is a two-dimensional histogram showing the number of independent slits 

assigned each cell of color-magnitude space. For the reasons just described heavy emphasis is given to the 
{22 < I < 24.5, 3 < (/ — Kg) < 5} region of color-magnitude space. The relative number of slits as a 
function of the average population in each cell expected in a wide-area survey can be computed by dividing 
the bottom-left panel of the figure by the top-left panel. The values computed using this procedure are shown 



'^The first mask (file GN2002BSV-78-14.fits in the Gemini archive) of our first field (GDDS-SA22) has 2.0" long sUts. The sht 
length was increased by 10% after an initial inspection of the incoming data suggested that 1.0"pseudo-slits were slightly too short 
for the largest galaxies being targeted. 



-15- 



Table 1 . Overview of Observations 



Field RA(J2000) Dec (J2000) Target slits Mask Definition File'" Exposure Time(s) 



GDDS-SA02 


02:09:41.30 


-04:37:54.0 


59 


GN2002B-Q- 1-1. fits 


75600 


GDDS-SA12 


12:05:22.17 


-07:22:27.9 


61 


GN2003A-Q- 1-1. fits 


18000^ 




12:05:22.17 


-07:22:27.9 


74 


GN2003A-Q-l-3.fits 


57600^ 


GDDS-SA15 


15:23:47.83 


-00:05:21.1 


59 


GN2003A-Q-l-5.fits 


70200 


GDDS-SA22 


22:17:41.0 


H-00: 15:20.0 


83 


GN2002BSV-78-14.fits 


48600^= 




22:17:41.0 


-h00:15:20.0 


62 


GN2002BSV-78-15.fits 


90000^^ 



FTTS-format mask definition file stored the Genoini public data archive. 

^ 48 sUts were in common between masks GN2003A-Q- 1-1. fits and GN2003A-Q-l-3.fits. These objects 
have a total exposure time of 75600s. 

" 27 slits were in common between masks GN2002BSV-78-14 and GN2002BSV-78-15. These objects 
have a total exposure time of 138600s. 



Table 2. Classification of Spectrum Overlaps 

Class Meaning 

Both A & B channels uncontaminated (at most very minor masking needed). 

1 Single channel overlap. Offending channel not used (at most very minor masking needed). 

2 A contaminating Oth-order line has been masked. Remaining continuum is trustworthy. 

3 Two channel collision. Major masking used in extraction. Continuum in blue should not be trusted. 

4 Two channel colUsion. Major masking used in extraction. Continuum in red should not be trusted. 

5 Extreme measures needed to try to recover a spectrum. Continuum should not be trusted. 
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in the bottom-right panel, and correspond to sampling weights. These weights will prove important in the 

computation of the luminosity and mass functions in future papers in this series. The sampling weight for 
each galaxy in the GDDS is given in Table 4 which will be presented later in this paper 

3. SPECTROSCOPY 
3.1. Observations 

The spectroscopic data described in this paper were obtained using the Frederick C. Gillett Telescope 
(Gemini North) between the months of August 2002 and August 2003. Most of data were taken by Gemini 
Observatory staff using the observatory's queue observing mode. Data were obtained only under conditions 
when the seeing was < 0.85 arcsec, the cloud cover was such that any loss of signal was < 30% at all times 
while on target, and the moon was below the horizon. Typical seeing was in the range 0.45-0.65 arcsec as 
measured in the i?-band. 

A detailed description of the procedure used to obtain and reduce the data in the GDDS is given in 
Appendix A, and will only be outlined here. Our Nod & Shuffle observations switched between two sky 
positions with a cycle time of 120s, i.e. we spent 60s on the first position (with the object at the top of 
the slit) and 60s on second position (with the object at the bottom of the sUt and charge shuffled down) 
in each cycle. Fifteen such cycles gave us an 1800s on-source integration which was read out and stored 
in an individual data frame. Sky subtraction is undertaken by simply shifting each 2D image by a known 
number of pixels and subtracting the shifted image from the original image. Multiple 1800s integrations 
were combined to build up the total exposure times given Table 1. Between exposures we dithered spatially 
by moving the detector and spectrally by moving the grating. As described in the appendices, these multiple 
dither positions allow the effect of charge traps and inter-CCD gaps to be removed from the final stack. By 
stacking spectra in the observed frame and analyzing strong sky lines (OI, OH) we measured typical sky 
residuals of 0.05% - 0.1%, even with > 30 hour integrations. 

The GMOS instruments are imaging multi-slit spectrographs capable of spectroscopic resolutions 
(A/ A A) between 600 and 4000 over a wavelength range of 0.36-1. O^m. Different detectors are used on 
the Northern and Southern versions of the instrument. On Gemini North the GMOS focal plane is cov- 
ered by three 2048 x4608 EEV detectors which give a plate scale of 0.0727 arcsec per unbinned pixel. The 
GDDS observations were all taken with the R150_G5306 grating in first order and the OG515_G0306 block- 
ing filter, giving a typical wavelength range of 5500-9200A. (In any multi-slit configuration the exact range 
depends on the geometric constraints of each individual slit.) This configuration gives a dispersion of 1.7A 
per unbinned pixel. Due to the high sampling of the CCD, all data were taken binned by a factor of two in 
the dispersion direction in order to reduce data volume and speed up readout, giving a final dispersion of 
3.4Aper binned pixel. Representative spectra from the survey are shown in Figures 7-11. 

All of the multiple 1 800s exposures (typically 30-60 spread across multiple nights) making up a mask 
observation were sky-subtracted (using the shuffled image) and combined into a single 2D frame called 
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SA15-534B, z=0 961, 1=21.82. class=010, confidence=4 




6O00 6500 7000 7500 0000 8500 9000 



3A12-86eB, z=0.9d7. 1=22.30. class^OlO, confidence-4 




5500 6000 6500 7000 7500 BOOO 8500 

SA12-6619, z=1.078. 1=21.13. class=011, confidence=4 




6800 7000 7200 7400 7S00 7800 8000 8200 B400 B600 



Observed wavelength (A) 

Fig. 7. — Representative GDDS spectra in the range 0.961 < z < 1.078. Galaxies with a range of spectral 
classifications are shown. The SDSS luminous red galaxy (LRG) composite (shown in red) has been overlaid 
on the spectrum second from the bottom. The LRG flux Fx is binned to AA = 2 A rest frame, and rescaled 
to match the observed spectrum according to the relation a x Fx + b (where a and b are constants). All 
galaxies shown in this figure and the following four figures have redshift confidence classes of 3 or 4. See 
the text for further details. 
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SAOa-0733, z=i.084. 1=21.77. class=110, confidence=4 
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5500 6000 6500 7000 7500 

SAOg-1543, z=i,i3J. !^3S.90. class^OOl, confidence-3 



8500 9000 




6000 6500 7000 7500 

SA15-5513, z^l.136. 1^22.84. class-001, confidence-4 




6000 6500 7000 7500 

SA15-6851, z-i.J33, 1^32.81. class-Oil, confidence-4 




6000 6500 7000 7500 flOOO B5D0 9000 9500 

SA12-ai39, z=I.ia9, 1=22.95. class=011, confidence=4 




Observed wavelength (A) 



Fig. 8. — Additional GDDS representative spectra in the range 1.084 < z < 1.189. In cases where it is 
useful for identifying the redshift, the SDSS luminous red galaxy composite is overlain on the spectrum (in 
red) as in Fig. 7. Masked regions in spectra are indicated using horizontal bars. See the caption of Figure 7 
for details. 
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SA.13-7045, z=L397. 1=33-56. class=001, confidence=4 




6500 7000 7500 8000 

SA02-1255, z=1.339, 1=33.05. class=001, confidence = 3 




3AlS-5a36, z=1.346. 1=33.57. class=011, confidence=4 




Observed wavelength (A) 



Fig. 9. — Representative GDDS spectra in the range 1.297 < z < 1.388. In cases where it is useful for 
identifying the redshift, the SDSS luminous red galaxy composite is overlain on the spectrum (in red) as in 
Fig. 7. Masked regions in spectra are indicated using horizontal bars. See the caption of Figure 7 for details. 
The spectrum of SA12-7045 and SA12-8025 have been binned to a pixel size of 8 A. 
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SA22-0189, 2=1.480. 1=23.80. class=001, confidence = 3 




SA2S-1909, z=1.4a7. 1=23.11, class=100, confidence=3 



OB 




6000 6500 7000 7500 

3422-1983. z=l 488. 1=33 88, class=001. confidence = 3 



kh. 



m 



5500 6000 6500 7000 7500 8000 8500 9000 9500 

SA12-5B69, z=I.50fi. 1=33.38. class=101, confidence = 3 




5500 6000 6500 7000 7500 8000 8500 



SA22-0964, z=I.5JJ, 1=33.77. class=100. confidence=4 

' ' ' ■ gg' ' ' ' ^ ^ ' ' ' 
www WW 




Observed wavelength (A) 



Fig. 10. — Representative GDDS spectra in the range 1.480 < z < 1.511. In cases where it is useful for 
identifying the redshift, the SDSS luminous red galaxy composite is overlain on the spectrum (in red) as in 
Fig. 7. Masked regions in spectra are indicated using horizontal bars. See caption of Figure 7 for details. 
The spectrum of SA22-0189, SA22-1983, and SA12-5869 have been binned to a pixel size of 12, 8, and 7 
A, respectively. 
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SA02-1417, 2=1.599. 1=23.30. class=100, confidence=4 



1 

0.5 ^ 




SA12-5592, z=1.624. 1=23.37. class=001, confidence = 3 




6000 6500 7000 7500 

SA15-7543. z=l BOl. 1=33 65. class=001. confidence = 3 




Observed wavelength (A) 



Fig. 11. — Representative GDDS spectra in the range 1.599 < z < 1.968. In the top panel a starburst 
composite kindly supplied by C. Tremonti is overlaid on the GDDS spectrum. The SDSS luminous red 
galaxy composite is overlaid on spectra second and third from the top (in red) as in Fig. 7. Masked regions 
in spectra are indicated using horizontal bars. See caption of Figure 7 for details. The spectrum of SA12- 
5592 and SA15-7543 have been binned to a pixel size of 12 A. 
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the 'supercombine'. Full details are given in Appendix B. These were then extracted to ID spectra using 
standard procedures, but using special software to allow efficient interactive assessment and adjustment (see 
Appendix C for more details). 

3.2. Determination of Redshifts 

The absence of artifacts from poor sky subtraction made redshift determination straightforward in the 
majority of cases. The reality of weak features was also aided by the fact that the iGDDS software used 
for our analysis (described in Appendix C) provides both one-dimensional and two-dimensional displays of 
the spectra. An advantage of the Nod and Shuffle technique is that both negative and positive versions of 
the two-dimensional spectra are recorded and consequently real features display a distinctive pattern that is 
easily recognized on the two-dimensional spectrum. 

The presence of strong emission and absorption features (e.g., [O II]A3727, [O III]A5007, Call, Mgll, 
D4000, Hydrogren Balmer lines) immediately indicated the approximate redshift in the majority of cases 
for galaxies at z < 1.2 At higher redshifts, [Oil] can be seen in star-forming objects to z = 1.7, along 
with the blue UV continuum and absorption lines (primarily Mgll ad Fell). For redder objects, once H&K 
become undetectable we relied on template matching, which proved to be an excellent aid to redshift estima- 
tion. Many such redshifts were obtained using the interactive template manipulation tools built into iGDDS. 
Good templates covering the 2000-3500A wavelength region for a variety of spectral types were not initially 
available and we eventually constructed some of our own (from galaxies with redshifts that were obvious 
from other features in their spectra). These templates are shown in Section 5, and proved to be invaluable, 
particularly for spectra that just exhibit broad absorption features and continuum shape variations in the ob- 
served spectral range. On spectra for which the redshifts were uncertain or indeterminate, cross-correlation 
versus a variety of templates were used to suggest possible redshift/spectral feature matches. These tem- 
plates included Lyman break galaxies (Shapley et al. 2001), a composite starburst galaxy template (kindly 
supplied by C. Tremonti), the red galaxy composite from the Sloan Digital Sky Survey published in Eisen- 
stein et al. (2003), and a selection of nearby galaxy spectra obtained from various sources (see Appendix C). 
Ultimately the most useful templates proved to be the ones constructed iteratively from the GDDS data it- 
self and presented in §5. Since the continuum shape is an important indicator of galaxy redshifts but is not 
utilized in the cross-correlation technique, all our final redshift determinations were based on a combination 
of features, not just a cross-correlation peak. 

Each object's redshift was assigned a "confidence class", based on the system adopted by Lilly et 
al. (1995) for the Canada-France Redshift Survey. This system is summarized in Table 3. The confi- 
dence class reflects the consensus probability (based on a quorum of at least five team members) that the 
assigned redshift is correct, and takes into consideration each spectrum's signal-to-noise ratio, number of 
emission/absorption features, local continuum shape near prominent hues (eg [O II]A3727), and global 
continuum shape. We did not factor galaxy color into our redshift confidence classifications, which are 
independent of photometric redshift, although a post-facto inspection shows that the colors of essentially 
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Table 3. Redshift Confidence Classes 



Class 


Confidence 


Note 




Failures 



1 


None 

< 50% 


No redshift determined. If a redshift is given in Table 4 it should be taken as an educated guess. 
Very insecure. 


Redshifts Inferred from Multiple Features 


2 
3 
4 


> 75% 
95% 
Certain 


Reasonably secure. Two or more matching lines/features. 

Secure. Two or more matching Unes/features + supporting continuum. 

Unquestionably correct. 


Single Line Redshifts 


8 
9 




Single emission Une. Continuum suggests Une is [O II]A3727. 
Single emission Une. 



AGN Redshifts 



Class ;/ as above, bul wilh wilh AGN characlerislics 



-24- 



all single emission-line objects (classes 8 and 9) are consistent with the line being [O n]A3727. Redshift 

measurements for the GDDS sample are presented in Table 4, along with corresponding photometry for each 
galaxy. Note that in this table non-detections have been placed at the formal 2a detection limits and flagged 
with an magnitude error of —9.99. These detection limits are i? = 27.5 mag, V = 27.5 mag, R = 27.0 
mag, / = 25.5 mag, z = 24.5 mag, H = 21.0 mag and Kg = 21.0 mag. 

3.3. Statistical Completeness 

Our analysis of the statistical completeness of the GDDS is broken down into two components. Firstly, 
there is the component of completeness that quantifies the number of spectra obtained relative to the number 
of galaxies that could possibly have been targeted. We refer to this component of the completeness as the 
sampling efficiency of the survey. Secondly there is the fraction of redshifts actually obtained relative to the 
number of redshifts attempted. We will refer to this as spectroscopic completeness of the survey. 

The sampling efficiency of the GDDS is investigated in Figure 12. This figure is essentially a vi- 
sual summary illustrating the success of the mask design algorithm described in §2. The figure shows a 
two-dimensional histogram quantifying the number of slits assigned to targets as a function of color and 
magnitude. The sampling efficiency of each cell is keyed to the color bar also shown in the figure. As 
described earUer, our mask design strategy places heavy emphasis on targeting objects with colors and 
apparent magnitudes consistent with those of a passively evolving luminous galaxy at 0.8 < z < 1.8. 
Slits were placed on essentially all red galaxies with apparent magnitudes around I = 23.5 mag (corre- 
sponding to the expected brightness of an M* galaxy at / ~ 1.3). The number-weighted average of the 
samphng efficiency over the cells in the optimal region of this diagram (described §2, and corresponding 
to {22 < / < 24.5, 3 < {I - Ks) < 5}) is 50%. Thus the GDDS can be thought of as a one-in-two 
sparse sample of the reddest and most luminous galaxies near the track mapped out by passively evolving 
high-redshift galaxies in J vs. / — K. This sample is augmented by a one-in-seven sparse sample of the 
remaining galaxy population. 

Our success in translating slits into redshifts is shown in Figure 13. This diagram is the close analog 
to the previous figure, with the difference being that cell colors are keyed to spectroscopic completeness 
instead of sampling efficiency. Spectroscopic completeness is calculated simply by dividing the number 
of high-confidence redshifts (confidence class greater than or equal to 3) in each cell by the number of 
sUts assigned in the same cell. As expected, spectroscopic completeness is a strong function of apparent 
magnitude. Spectroscopic completeness is 100% brighter than 7 = 22 mag, dropping to around 50% at 
24.0 < 7 < 24.5 mag (11 redshifts out of 20 attempted). 

The overall spectroscopic completeness of the GDDS depends on the minimum value of the redshift 
confidence that is considered acceptable. Slits were placed on 317 objects. Three of these sUts contained 
two objects and thus redshift determinations were attempted for 320 objects. Of these, approximately 3% 
(11 objects) were so badly compromised by overlap or contamination that they were judged to be invalid. 
Of the 309 valid spectra, approximately 79% of the attempts resulted in moderately high confidence (classes 
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Fig. 12. — An analysis of sampling efficiency of our GDDS masks. As described in the text, the number 
counts of faint galaxies at the magnitude limit of the GDDS is much larger than can be targeted on a single 
multi-object spectroscopic mask. The figure shows a two-dimensional histogram with galaxy counts as a 
function of magnitude and color. The color of each cell corresponds to the fraction of potential targets in 
the GDDS images' field of view actually targeted with a slit. Our algorithm for assigning slits to objects is 
described in §3 of the text. The dashed line at the bottom-right corner denotes the region in this parameter 
space below which the Kg band magnitudes of galaxies become fainter than the formal 5a Kg = 20.6 
magnitude limit of the survey. As described in the text, the bunching up of galaxies in the boxes intersected 
by this line is mostly artificial, since the counts in these boxes are inflated by blue galaxies undetected in Kg 
that have been placed at the formal detection limit of the survey in our data tables. 
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GDDS Spectroscopic Completeness 
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Fig. 13. — An analysis of spectroscopic completeness in the GDDS fields. This two-dimensional histogram 
quantifies the success rate in recovering redshifts as a function of color and magnitude. (Note that only those 
objects with redshift confidence classes of three or higher were considered to be successfully measured). Red 
numbers embedded in each cell correspond to the number of slits assigned to that portion of the parameter 
space. The color of the cell denotes the spectroscopic completeness, keyed to the color bar at the top left. 
The dashed line at the bottom-right comer of the panel denotes the region in this parameter space below 
which the Kg band magnitudes of galaxies become fainter than the formal 5cj Kg = 20.6 magnitude limit 
of the survey. As described in the text, the bunching up of galaxies in the boxes intersected by this line is 
mostly artificial, since the counts in these boxes are inflated by blue galaxies undetected in Kg that have 
been placed at the formal detection limit of the survey in our data tables. 
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2 and 9) or very high confidence (classes 3,4, and 8) redshifts. As will be shown in §4, the great majority 
of these were in our target redshift range, with only a very modest contamination by very low redshift 
objects. (Twelve objects were found to be late-type galactic stars, and 5 objects were found to be z ~ 0.1 
extragalactic HII regions). An additional 10% of GDDS targets had very low confidence redshifts assigned 
(class 1 and 0). The remaining 1 1% of targets had no redshifts assigned. 



All Spectra Pristine Spectra 




18 19 20 21 22 23 24 25 18 19 20 21 22 23 24 25 



I I 

Fig. 14. — An analysis of the relative completeness for our full sample (shown at left), and a subsample 
constructed from only those spectra unaffected by spectrum overlaps (shown at right). The dashed line 
corresponds to the completeness limit of the survey. 



It is interesting to consider the main sources of spectroscopic incompleteness in the GDDS. The obvious 
gradient in incompleteness as a function of apparent magnitude seen in Figure 13 indicates that the main 
cause of incompleteness is photon starvation, particularly for red systems with little rest-UV flux. However, 
in some cases we were unable to obtain redshifts for relatively bright systems on account of overlapping 
spectral orders. Our mask design strategy was a trade-off between maximizing the number of objects we 
attempted to get redshifts for, and minimizing spectrum order overlaps. It is worthwhile to try to quantify 
the relative importance of these competing effects. An attempt at doing this is illustrated in Figure 14, which 
shows a comparison between the cell-to-cell completeness in our full sample and the corresponding cell- 
to-cell completeness in a sub-sample of "pristine" objects unaffected by spectrum overlaps. Note that the 
spectroscopic completeness of our red galaxy sample is nearly unchanged in both panels of this figure, while 
greater variation is seen in the blue population. As described in §2, our mask-design strategy was optimized 
for red galaxies, and a particular effort was made to avoid spectrum overlaps in this population in order to 
preserve continuum shape. On the other hand, our emphasis in laying down slits on blue galaxies was to use 
the detector area efficiently even at the expense of sometimes allowing spectrum overlaps to occur (since 
emission line redshifts can often be determined from these by studying the two-dimensional spectra). We 
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GDDS SA15 Spectroscopic Completeness 
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GDDS SA12 Spectroscopic Completeness 
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Fig. 15. — An analysis of the field-to-field variation in the spectroscopic completeness in the GDDS. Two- 
dimensional completeness histograms for GDDS-SA02 (top-left), GDDS-SA12 (top-right), GDDS-SA15 
(lower-left), and GDDS-SA22 (lower-right) are shown. As for all similar figures in this paper, the dashed 
line at the bottom-right of the figure denotes the region of color-magnitude space below which measured Kg 
photometry drops below the formal magnitude limit of the survey. See the caption to the previous figure for 
additional details. 
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therefore expected to see a somewhat greater variation in the cell-to-cell completeness of blue galaxies as a 
function of slit overlap class, and Figure 14 is consistent with this. 

We also note that the extra freedom used when assigning shts to blue galaxies results in substantially 
greater field-to-field variation in the spectroscopic completeness of blue galaxies in the GDDS. The field- 
to-field completeness of the GDDS is shown in Figure 15. Significant variations in the total completeness 
in each field are seen, ranging from a high of 87% in GDDS-SA02, to a low of 60% in GDDS-SA12. It 
is important to note that most of this field-to-field variation is in the blue population, and the cell-to-cell 
completeness near the red galaxy locus of the color-magnitude diagram in each panel of this figure remains 
quite stable. 

3.4. Spectral Type Classification 

In addition to the redshift confidence class, each object was assigned a series of spectral classifications 
that record both the features that were used to determine the redshift and a subjective classification of the 
galaxy's spectral type. Our spectral classifications are presented in Table 5. The first column notes whether 
any features indicative of AGN activity are seen in the spectrum (0 = no, 1 = yes). The next 1 1 entries 
specify the presence (1) or lack (0) of the most common spectral features used in the redshift determinations. 
A (2) in any of these columns indicates that the particular feature did not fall within the wavelength range 
of our spectra. In some cases the spectral range covered by a particulary object was reduced by overlap or 
contamination from other objects. The "template" column in Table 5 identifies those objects whose redshifts 
were based largely on a match to a template spectrum, either a composite from our own spectra (see below) 
or an external spectrum. It is emphasized that spectra on different masks had different exposure times, and 
order overlaps impacted some spectra more than others, so these feature visibihty classifications should be 
used as a general guideline only and not over-interpreted. 

The last column in Table 5 lists the spectral class assigned to each object. This classification is based on 
three digits that flag young, intermediate age, and old stellar populations. Objects showing pure, or nearly 
pure, signatures of an evolved stellar population (e.g. D4000, H&K, or template matches) are assigned a 
class of "001". Objects that are dominated by the flat-UV continuum and strong emission-lines characteristic 
of star forming systems are assigned a "100" classification, those showing signatures of intermediate ages 
(e.g. strong Balmer absorption) are assigned a class of "010". Many objects show characteristics of more 
than one type and so are assigned classes that are the composite of old (001), intermediates (010) and young 
(100) populations. Objects listed as "101" may show strong H&K absorption and 4000A breaks and yet 
have a flat-UV continuum tail indicative of a low-level of ongoing star formation. 

4. SUMMARY OF REDSHIFTS AND SPECTRAL CLASSIFICATIONS 

A graphical synopsis of the spectroscopic information in the GDDS is presented in Figure 16, which 
shows the number vs. redshift histogram for our sample, color-coded both by confidence class and by 
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spectral class. The shading of the box shows the confidence class, the color of the label reflects the spectral 

class. A number of interesting aspects of our experiment are evident in Figure 16. Firstly, despite our use of 
four widely separated fields, we remain significantly impacted by large-scale structure and sample variance. 
The factor of two deficit of objects at z = 1.2 cannot be the sign of failure to recognize objects at this 
redshift as we do considerably better at z = 1.3, a more difficult redshift. Secondly, it is clear that our 
success rate drops steeply atz> 1.5, where our fraction of high confidence redshifts drops from > 90% to 
~ 30%. As described in §3.3, this is mostly because these objects, and the red ones in particular, are fainter 
than the average galaxy in the sample, particularly at wavelengths shortward of the /-band used to set the 
magnitude limit of the sample. 

The following summarizes the fractions of different stellar populations amongst objects with high- 
confidence redshifts in the GDDS. Approximately 15% of the objects observed showed spectra with pure 
old stellar populations (class 001). The fraction with strong signatures of evolved stars (i.e. objects with 
classes 001 or 01 1) is 22%. Galaxies showing some evidence for intermediate age stellar population features 
(classes 1 10, 010, 001) accounted for 46% of the sample. About 25% of galaxies had pure intermediate age 
populations (class 010), and 24% of the sample appear to be dominated by young populations (class 100). 
We were unable to assign any spectral classifications to 10% of objects with high confidence redshifts. 

The fraction of galaxies with evidence of old populations peaks at ^; ~ 1 and falls off steeply at higher 
redshifts. Some of this reflects the increasing impact of the non-i^^s -detected objects that were added to the 
sample on the basis of their photometric redshifts. A number of the z > 1.5 objects, however, do have 
K < 20.6 and some of these have red I — Kg colors and yet still show essentially flat UV spectra dominated 
by massive stars. This is not surprising given the shape of the F — / vs. I — H (or I — Kg) two-color 
diagram (McCarthy et al. 2001). At z > 1.5 the bulk of the red I — Kg population has blue V — I colors. 
The spectroscopic properties of these galaxies, along with inferred ages from stellar population synthesis 
models, will be presented in a companion paper (McCarthy et al. 2004, in preparation). 

5. COMPOSITE TEMPLATE SPECTRA 

As described earlier, redshifts were determined by visual examination of the spectra, comparing with 
spectral templates and looking for expected redshifted emission and absorption features. The most uncertain 
aspect at the start of our survey was the appearance of normal galaxies in the 2000-3000A region. Early-type 
quiescent galaxy spectra are expected to be dominated by multiple broad absorption features in this region 
(for example see the mid-UV spectra of elliptical galaxies in Lotz et al. 2000) which come primarily from 
F & G main sequence stars (Nolan, Dunlop & Jimenez 2001). In contrast late-type actively star-forming 
galaxies should have a featureless blue continuum with narrow ISM absorption fines superimposed (for 
example see the HST starburst spectra in Tremonti et al. 2003). 

For the first two GDDS fields we primarily used the Luminous Red Galaxy template of Eisenstein et al. 
(2003) and spectra of the z ~ 1.4 radio galaxies 53W091 (Spinrad et al., 1997) and 53W069 (Dunlop 1999) 
for our early-type reference templates. For late types we used a composite spectrum made from an average 
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Fig. 17. — The three GDDS template composite spectra used for redshift comparison. These were con- 
structed internally from our sample from galaxies covering a range 0.6 < z < 2 with high confidence 
redshifts. The templates are plotted at 3.5A per pixel resolution and are normalized to unity at 4200A, they 
are offset vertically in the plot for clarity. Some of the more common features are marked. Only the UV 
portion of the templates is shown. 
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of the local starburst galaxy starforming regions of Tremonti et al. After we had reduced our first two fields 

and obtained preliminary redshifts we then constructed our own templates by combining GDDS spectra. We 
had three principal motivations for doing this. The first was to obtain a better match in spectral resolution; 
the second was to improve the UV coverage especially in the early-type template and the third was to make 
templates corresponding to galaxies in an earlier evolutionary epoch in the history of the Universe. 

In order to make the templates we visually identified similar looking spectra with confidence level 3 
or 4 redshifts. The fuU redshift range of GDDS 0.6 < z < 2 was used in order to produce templates with 
a wide range of spectral coverage. Of course this large redshift range is less than ideal because on average 
the resulting UV portion of the templates will come from higher redshift objects than the optical portion. 
However we decided that since the primary use of these templates were for redshift matching, the wider 
wavelength coverage would be of greater importance. It remains true that the UV portion of the templates 
(A < 3000A) comes mostly from z > 1 objects and this was where our previous set of templates were most 
inadequate. We emphasize that these redshift templates are different from the composite spectrum analyzed 
by SavagUo et al. (2004), where it is more important to have a more restricted redshift range. 

The template construction process fully allowed for masking and disparate wavelength coverage in the 
different spectra. Given a set of input spectra the construction process was as follows. Firstly one spectrum 
(typically at the median redshift) was chosen as a master for the purposes of normalization. Next all the 
other templates were scaled to the same normalization as the master by computing the average flux in the 
non-masked overlapping regions. Finally a masked average was performed of all the normalized templates 
(the mask being either 1 or depending on whether a given spectrum included that part of the wavelength 
region with good data). 

For the early type template we combined 8 convincing early type spectra with redshifts 0.6 < z < 1.5 
and for the late type template we combined 23 late type spectra with 0.8 < z < 2.0. We also found it 
desirable to make an intermediate type template (i.e., somewhat red but with signs of star-formation such 
as [OH] emission) as these were especially poorly represented in our first template set. For this we used 8 
galaxies with 0.7 < z < 1.3. The resulting three templates are plotted in Figure 17. 

6. CONCLUSIONS 

The Gemini Deep Deep Survey was undertaken in order to explore galaxy evolution near the peak 
epoch of galaxy building. The survey probes a color-selected sample in a manner that minimizes the strong 
star-formation rate selection biases inherent in most high-redshift galaxy surveys. It is designed to bridge 
the gap between landmark surveys of highly complete samples at z < 1 (Cowie et al. 1994; Lilly et al. 
1995; ElUs et al. 1996) and UV-selected surveys at higher redshift (Steidel et al. 1996; Shapley et al. 2001; 
Steidel et al. 2003). The signal-to-noise ratios of the spectra in the GDDS are sufficient to distinguish old 
stellar populations (dominated by F-type stars) from post-starburst systems (dominated by A-type stars) and 
reddened starbursts with their flat spectra and strong interstellar lines. In this paper we have described the 
motivation for the survey, the choice of fields, the experimental design underlying our choice of targets, and 
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our data reduction process. We have presented final catalogs of redshifts and photometry and an analysis of 

their statistical completeness. Spectra for individual objects are available as an electronic supplement to this 
paper Further information on the GDDS and the data reduction software used in the project are available 
on the World Wide Web at http://www.ociw.edu/lcirs/gdds.html. 
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A. NOD & SHUFFLE OBSERVATIONS WITH CMOS 

The principles of the Nod & Shuffle technique are described in Glazebrook & Bland-Hawthorn (2001). 
The basic ideas behind the mode are very similar to those of the Va et Vient strategy for sky subtraction (Cuil- 
landre et al. 1994; Bland-Hawthorn 1995)^. Our specific Nod & Shuffle configuration is shown schemati- 
cally in Figure 18, and corresponds to the 'Case 1' strategy shown in Figure 2(a) of Abraham et al. (2003). 
Slits were 0.75 arcsec wide (giving a spectral FWHM of ~ 17A) and were designed to take advantage of the 
queue observing mode of the telescope by being optimized for seeing < 0.85 arcsec. In this seeing the target 
galaxies were mostly unresolved. In Nod & Shuffle mode the telescope is nodded between two positions 
along the sUt denoted 'A' and 'B', as shown in Figure 18. For our first mask observations on the 22*^ field we 
used a 2.0 arcsec long sht, since the nod distance was 1 .0 arcsec the targets appear on the sUt in both A and 
B positions (±0.5 arcsec from the slit center). The shuffle distance was 28 pixels which produces a shuffled 
B image immediately below the A image with a small one pixel gap. For subsequent fields we increased the 
slit length to 2.2 arcsec and the shuffle to 30 pixels as analysis of the first field convinced us that a slightly 
longer slit would be beneficial to reduce the impact of the 'red end correction' issue described below. 

At each A and B position we observed for a 60 sec exposure before closing the shutter and nodding 
the telescope and shuffling the CCD. Our standard GDDS exposure consisted of 15 cycles with A=60s 
and B=60s (i.e. a total of 1800s open shutter time on target before reading out). There is of course extra 
overhead associated primarily with moving the telescope and guide probes, for the GDDS observing setup 
this typically added 25% to the total observing time. We found that this Nod & Shuffle setup gave a sky- 
residual of only 0.05-0.1%, which is well below the Poisson limit for our stacked exposures, except for the 
brightest few night sky lines. The reader is referred to Abraham et al. (2003) and Murowinski et al 2004 (in 
preparation) for a more detailed description of the implementation, observing sequence and sky-subtraction 
performance of Nod & Shuffle mode on GMOS. 

A typical mask observation consisted of approximately 50 half-hour exposures observed across many 
nights. In order to fill in the gaps between CCD chips the grating angle was changed between different 
groups of observations in order to dither the MOS image along the dispersion 'X' axis relative to the CCD. 
Approximately one third of the data was taken with a central wavelength of 7380A, one third with 7500A 
and the final third with 7620A. The CCD gaps were filled in when the different positions were combined to 
make a master frame. 

Similarly it is also desirable to dither in the orthogonal, 'Y' direction, i.e. parallel to the spatial axis, 
in order to minimize the effects of shallow charge traps aligned with the silicon lattice of the CCD. These 
charge traps manifest themselves in the shuffled images as short pairs of streaks in the horizontal, or dis- 
persion, direction. Each pair is always separated by the shuffle distance. We speculate these charge traps 
originate from subtle detector defects that are repeatedly pumped by the shuffle-and-pause action. Since the 
traps always appear at the same place on the CCD, their undesired effect can be greatly reduced by dithering 
the image along the Y axis and rejecting outUers during stacking. To accompUsh this dithering the CCD was 



'The main difference between Va et Vient and Nod & Shuffle is the latter's emphasis on using tiny slits for extreme multiplexing. 
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Fig. 18. — Schematic of the Nod and Shuffle mode used in the GDDS. When the telescope is in the object 
position, CCD area 'A' records a spectrum. The 'sky' position records the nodded spectrum (in this case the 
telescope has been nodded 1.0 arcsec along the slit direction). The area 'B' is unilluminated by the mask 
and serves as a storage area for the sky position. The image difference A— B subtracts the sky, and leaves a 
positive and negative object spectrum for subsequent extraction. 
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Fig. 19. — An image showing a sky-subtracted "supercombined" frame for the GDDS-SA22 field. Object 
spectra are sandwiched between positive and negative sky spectra on the mask. The lower half of the figure 
shows a magnified view of the small rectangular region near the center of the mask image. This magnified 
view shows subsets of four spectra with characteristic positive and negative continua and emission Unes. 
Note that for clarity we have reversed the CMOS data format to show bluer wavelengths to the left. 
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physically moved using the Detector Translation Assembly (DTA). During normal GMOS operation, this 

stage is used to actively compensate for flexure in the GMOS optical chain during exposures. Additional 
offsets can be apphed between exposures in order to position the image on different pixels on the array. 

Our standard observing block thus consisted of the following six-step sequence: 

1. The grating was set to one of the 3 positions used (e.g. 7500A). The DTA was homed. 

2. An 1800s exposure was recorded using Nod & Shuffle (A=60s, B=60s, x 15 cycles). 

3. An 1800s exposure was recorded with the DTA offset by +41/xm (+3 pixels) along the spatial axis. 

4. An 1800s exposure was recorded with the DTA offset by +81/xm (+6 pixels) along the spatial axis. 

5. An 1800s exposure was recorded with the DTA offset by — 41/im (—3 pixels) along the spatial axis. 

6. An 1800s exposure was recorded with the DTA offset by — 81/im (—6 pixels) along the spatial axis. 

This same sequence would then be repeated for the next grating position, and this pattern of changing the 
central wavelength and taking a sequence of 5 exposures was repeated until the required number of exposures 
was completed. In practice not every sequence had this exact number of steps and sequence due to observing 
constraints, but an approximate balance was maintained among the different DTA offset positions which was 
all that was required for the stacking of the data. 

B. REDUCTION OF TWO-DIMENSIONAL DATA 

The goal of the 2D reduction was to combine all the individual 2D dispersed 1800s exposures for each 
mask with outUer rejection to make a master 'supercombine' 2D sky-subtracted dispersed image. This is 
then used for the next stage — extraction to ID spectra. The GDDS 2D data was reduced using IRAF and 
the Gemini IRAF package, in particular the vl.4 GMOS sub-package. To handle the peculiarities of Nod 
& Shuffle data two new software tasks (gnsskysub and gnscombine) were written by us. These have 
now been incorporated into the standard IRAF GMOS package distributed by the Gemini Observatory. 

The first step in the 2D data reduction was to bias subtract the individual runs using a master bias 
frame (the average of typically 20 bias frames taken during the observing period). GMOS exhibits 2D bias 
structure so a 2D bias subtraction is done with the gi reduce task. 

The next step was to sky-subtract all the runs using the gnsskysub task. This simply takes the frame, 
shifts it in Y by the shuffle step, as recorded in the image header, and subtracts it from itself^. This results 
in clean sky-subtracted spectra sandwiched between regions of artifacts, as shown in Figure 18. These 



''In some rare cases the detector controller would drop a sub-frame resulting in an Ay^B mismatch, gnsskysub includes an 
option to fix this case via re-scaling of the B frame 
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subtracted frames are then visually examined to make a list of relative dither offsets. In most cases these are 
as given by the nominal DTA offsets, with occasional 1-2 additional pixel shifts between different GMOS 
nights (these shifts are then recovered by sky-line fitting and cross-correlation). In some cases the objects 
moved slightly in the slits relative to their nominal position due to an error in setting the tracking wavelength 
in the telescope control system. In order to handle these extra offsets actual emission lines in bright galaxies 
were centroided in X and Y and used to define the offsets. Calculating the offsets directly relative to the 
object positions in this way results in some fuzziness of slit edges in the 2D combined frames, but since the 
inter-slit offsets were only a few pixels and only a few frames were affected, this did not turn out to be a 
serious problem in practice. The final result of the inspection is a list of X,Y offsets between the objects in 
different dispersed images. 

Once the offsets are known image combination proceeds with the gnscombine task which generates 
sky-subtracted frames using gnsskysub and combines them using a variance map calculated from the 
median count level in the non-subtracted frames and the known readout noise and Poisson statistics. Outliers 
(cosmic rays and charge traps) are rejected using a la cut and retained data is averaged. The outlier rejection 
was checked visually by comparing frames combined with and without rejection and it was verified that only 
genuine outliers were rejected. A median 2D sky frame is also produced which is used for later wavelength 
cahbration and further noise estimates. 

We first combined the frames in 3 groups according to the central wavelength using gnscombine, 
i.e. a combined frame was produced for each of the 7380A, 7500A and 7620A positions. At this point the 
combined frames are a single Multi-Extension FITS (MEF) file where each extension represents a separate 
GMOS CCD as a 2D image. The next step is to use the gmosaic task to assemble the three images for 
each group into a single contiguous image using the known geometric relationship between the three CCDs, 
gmosaic was used in the mode where the assembly was done to the nearest pixel; no re-sampling or 
interpolation scheme was used in order to preserve pixel independence in the noise map. Since the data is 
4x over-sampled this does not result in any significant degradation. Inspection of the gmosaic'd images 
showed the spectral continuity across the CCD gaps was good to ±1 pixel and subsequent wavelength 
calibration showed the positioning in the dispersion direction was of a similar accuracy. 

Finally the three gmosaic'd combined frames for the 7380A, 7500A and 7620A positions were mo- 
saiced again into the final 'supercombine' frame. The task gemcombine was used to accomplish this 
with offsets calculated from fitting to sky lines. A binary mask denoting the position of CCD gaps and bad 
columns was also used to remove these features from the final supercombine by replacing them with real 
data from the other frames. 

The final products of this process are: (a) a supercombined (i.e. sky subtracted) frame corresponding 
to the the stack of all the 2D data — an example is shown in Figure 19; (b) a corresponding supercombined 
sky frame showing the emission from the night sky. It should be noted that no attempt was made to flat-field 
the data. This is not required to get accurate sky-subtraction with Nod & Shuffle. The effect of pixel-pixel 
variations in the final object spectra are greatly reduced by the extensive dithering in any case. Some residual 
flat-field features, primarily fringes, are visible in the brightest spectra at the few percent level, but these do 
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not seriously impact our faint spectra. 

C. EXTRACTION OF ONE-DIMENSIONAL SPECTRA 

One-dimensional spectra were extracted from the two-dimensional stacked image frames using iGDD S, 
a publicly available spectral extraction and analysis program for Mac OS X that we have written for use 
with Nod & Shuffled GMOS data. iGDDS operates in a manner that is rather different from the familiar 
command-line driven tools used by astronomers (e.g. IRAF, FIGARO, MIDAS, etc.), and it is intended 
to be highly interactive and take full advantage of the graphical capabilities of modem computers. The pro- 
gram functions as an electronic catalog with interactive tools for spectral aperture tracing, one-dimensional 
spectrum extraction, wavelength calibration, spectral template fitting, and redshift estimation. All these 
tools are linked. For example, selecting an object in a catalog displays its two-dimensional image and cor- 
responding aperture trace. This aperture trace can be reshaped by dragging with a mouse, resulting in a 
newly extracted one-dimensional spectrum. Clicking the mouse on a feature on this spectrum immediately 
displays this feature on a corresponding two-dimensional image. This feature can then be selected and a 
trial redshift assigned, which results in the superposition of a comparison template spectrum on the object 
spectrum. The template can then be dragged with the mouse to refine the redshift or try other possibilities. 

All analysis steps for all spectra on a GMOS mask are stored in a single document file which can be 
shared with colleagues and interactively modified. The saved iGDDS document files used by our team are 
publicly available, and the interested reader may find these to be a useful starting point for further exploration 
oftheGDDS data set. 



C.l. Aperture Tracing 

Spectra were extracted from the supercombined stack using aperture traces defined by a fourth-order 
bezier curve. Positive and negative apertures (corresponding to the A and B nod and shuffled positions) were 
defined relative to this curve. The sizes of these apertures and the distance between them were allowed to 
vary independently. (As described in §C.4, in some cases it is useful to discard a single A or B position chan- 
nel in order to avoid contamination from overlapping spectra). In most cases the spectra were sufficiently 
bright to allow a well-defined trace to be determined visually (after lightly smoothing the two-dimensional 
image and displaying the galaxy spectrum with a large contrast stretch). However, the very faintest galaxies 
in our sample proved too dim to allow a reliable trace to be estimated, and for these objects simple horizontal 
trace was used. 

A screenshot from iGDDS illustrating the aperture tracing process is shown in Figure 20. In this figure 
the top sub-image shows a compressed view of a horizontal slice across the supercombined 2D image at the 
y-coordinate of the sUt (34 pixels high and 4608 pixels wide). The fourth-order bezier curve defining the 
trace for an individual spectrum is shown as the solid red Une in the top window. The transparent yellow 
and purple regions on this image are linked to the trace and correspond to the negative and positive apertures 
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used to extract the one-dimensional spectram. 



C.2. Linear and Optimal Extraction 

One-dimensional spectra were extracted from the supercombined images using both Unear and opti- 
mal extraction procedures. Both sets of extractions are available in the pubUc data release of the ODDS 
observations described in §C.5 below. 

Our optimal extractions were constructed using profile weights defined by projecting the spectra in the 
spatial direction following the bezier curves which define their traces. This procedure resulted in smooth 
extraction profiles that resembled gaussians for most galaxies, although in cases where spectrum overlaps 
occurred (described in greater detail §C.4) the resulting weight profiles were spuriously asymmetric. The 
optimal extractions should not be trusted for these objects. We therefore recommend that those readers in- 
terested in making uniform comparisons between all spectra in the GDDS use only the linearly extracted 
spectra. Optimally extracted spectra can be trusted for those objects with recorded spectrum overlap clas- 
sifications of zero in Table 3, and these do have slightly improved signal-to-noise relative to their linearly 
extracted counterparts. However, the signal-to-noise improvement is modest (of order 5%) on account of 
the narrow sht lengths in the GDDS masks. For the sake of consistency, only Unearly extracted spectra have 
been shown in the figures throughout the present paper. 

Small artifacts on the two-dimensional supercombined images were masked out using iGDDS prior 
to extraction. Our masking procedure works by excluding aberrant pixels from the resulting average over 
the spatial direction in a given column. The procedure is clearly of rather Umited usefulness, and was only 
adopted in those cases where at most a few pixels in a given column were contaminated by artifacts. In cases 
of more severe contamination, we chose to eliminate the column completely (leaving gaps in the spectrum) 
rather than to patch over the bad data. As will be described in §C.5, the output data format for the GDDS 
spectra retains a record of which wavelength points on a spectrum have been patched. 

Including the effects of bad pixel masking, extraction proceeded as follows. Consider a single column 
in a two-dimensional spectrum containing n rows. Denote the flux in the ith pixel by Fi, its variance by af, 
and let the discrete variable M.i € {—1, 0, 1} take on the value 1 in the case that the pixel is in aperture A, 
—1 in the case that the pixel is in aperture B, and in the case that the pixel is masked. Assuming ua pixels 
are contained within apertures A and B, a simple estimator of the total flux in the case of linear extraction 
with masked regions is: 

In other words, the flux is now the average over the non-rejected pixels multiplied by the total number of 
masked and un-masked pixels in both apertures. 

The corresponding case for optimal extraction is only slightly more compUcated. Denoting the optimal 
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extraction profile by a continuous variable Pi G {0..1} (with Pj = for pixels in the column outside the 
aperture), it is straightforward to show that the maximum likelihood estimator for the true total flux is given 



Note that if we set Pi = 1 then we recover the Unear extraction case. 



C.3. Flux Calibration, Atmospheric Absorption Correction, and Red Fix Correction 

Since precise flux caUbration is impossible for observations accumulated over many nights (spread over 
months in some cases) under varying conditions, the flux calibration was carried out using observations of 
standard stars obtained as part of the GMOS queue baseline calibration. These data were reduced using the 
standard routines in IRAF and calibrations deduced for each field. A mean aperture correction of a factor 
of 3.5 was apphed to each spectrum. In the end, the calibrations were so similar from field to field that 
the same one was used for all. For most objects the relative flux caUbration appears to be quite good, as 
evidenced by the fact that composites made from these spectra agree extremely well with composites from 
other surveys, e.g., the SDSS luminous red composite of Eisenstein et al. (2003). However, the absolute flux 
for an individual object may be in considerable error (we think they should only be trusted to within about a 
factor of two), since no attempt was made to allow for overlapping spectra, masked regions, flat-fielding of 
2D spectra, etc. We therefore caution that the fluxes are relative only. 

As the ID spectra were initially being extracted from the 2D spectra, it almost immediately became 
apparent that there was a problem in that the continua became too low or even negative at the extreme red 
end of the wavelength region. Since one expects that the nod and shuffle technique would result in perfect 
sky subtraction, this was iiutially very puzzUng. On further examination it became evident that the strong 

sky lines displayed "tails" so that there was spatial extension of the lines that increased in strength with 
wavelength. Unfortunately, in the nod and shuffle technique, the protrusion of these on either side of the 
spectra means that they are superimposed and subtracted from the object spectrum during the shift-and- 
combine operation. The origin of this effect is charge diffusion in the siUcon which is a strong function 
of wavelength and it has only become apparent since we are attempting to extract extremely faint target 
spectra that are stored immediately adjacent to extremely strong sky spectra on the CCD. The effect could 
be reduced or avoided by increasing the distance between the object and sky or the two object positions in 
our case, at the cost of less efficient use of the detector area. For any given mask design, the magnitude 
of the effect depends on the precise relative position of the object in the slitlet but, in our case, the only 
practical way to correct for it was to estabUsh an average correction for all objects in a mask and then apply 
that to all spectra. 

A correction curve to account for this effect was derived empirically for each mask. First, the variation 



by: 




(C2) 



-43- 



of the strength of the effect as a function of wavelength was derived by measuring the percentage of light 
that leaked from strong sky lines into an extraction window equivalent to that used for the objects but on 
the opposite, unexposed, side of spectrum. It was immediately obvious that the effect varies exponentially 
with wavelength, ranging (for our initial mask) from 0.2% at 883nm to 5% at lOBOnm. Having established 
the form of the variation, it was multiplied by a high signal-to-noise sky spectrum that was broadened 
slightly in wavelength to account for the fact that the charge diffusion occurs in all directions (technically, 
the broadening should also be a function of wavelength but this was ignored). Finally, this modified sky 
spectrum was scaled so that it minimized the negative sky features that were apparent in a co-added (in 
observed wavelength) spectrum of the 25 strongest spectra in the mask. This 'redfix' correction curve 
can then be applied as an option in iGDDS during the data reduction. As mentioned above, it is at best 
only a statistical correction for objects in a mask, and this effect introduces additional uncertainty into the 
continuum level and flux caUbration that decreases exponentially shortward of 1 micron. The magnitude of 
the effect also increases with the faintness of the target since it is a fixed fraction of the night sky. 

Our final spectra have also been corrected for the major features caused by atmospheric absorption. 
The atmospheric features were identified by isolating them in a normalized, high signal-to-noise spectrum 
of a standard star and then adjusting their amplitude to match those in the combined spectrum of suitable 
objects in a given mask. 

C.4. Spectrum Order Overlaps 

As described in §2, our two-tier mask design strategy allowed some overlap to occur among spectra 
originating in adjacent slits. The extent of these overlaps can be gauged by an inspection of Figure 19. 
The wavelengths 5500-9200A from the 'blue tier' spectra in second order can overlap with the first order 
'red tier' spectra. Since 5500-9200A is the main observational window, this second order Ught cannot be 
filtered out, nor is the second order sky cancelled in the Nod & Shuffle process, because the slits are in 
general not aligned between the two tiers. However the intensity of second order spectra in this wavelength 
range is only 5-10% of the intensity of the first order spectra, so in practice only the very strongest sky lines 
(such as [OI]5577A, [OI]6300A and [OI]6363A) were significant contaminants, and in many cases these 
individual lines can simply be masked out, as described above. Another source of contamination is zero- 
order light from red-tier spectra overlapping with the first-order spectra in the blue tier. Several examples of 
this contamination are clearly seen in Figure 19. Such cases are easy to identify and, as only a small portion 
of the spectrum is affected, this portion of the affected spectra has simply been eliminated in the final spectra 
presented in this paper. As noted earlier, we have attempted to classify the importance of spectrum overlaps 
using the system defined in Table 2. To help the reader visualize the meaning of this system, it is illustrated 
using example spectra in Figure 21. 
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C.5. Final ASCII-format Spectra 

In addition to the main data tables presented in Tables 4 and 5 above, the GDDS Public Data Release 
contains the individual spectra for all galaxies in the survey. These spectra are stored as ASCII text files, 
each of which contains the eleven columns of information specified in Table 6. Linearly and optimally 
extracted calibrated spectra, their corresponding variance spectra, and an uncalibrated raw spectrum are 
stored in the same file. A linearly extracted night sky spectrum sampled through the same slit as part of 
the Nod & Shuffle operation is also included. All calibrated spectra have been fully processed through 
our pipeline; they are flux-calibrated, as well as corrected for atmospheric absorption and charge bleeding 
(via the 'redfix' correction described in §C.3). Separate columns in the output data file record the values 
of the atmospheric calibration, 'redfix', and flux cahbration curves apphed at each wavelength point in 
the spectrum (so the calibrations can be undone and new ones experimented with). A column in each file 
also records the fraction of masked pixels in the spatial direction at each wavelength. The final column in 
each file records raw counts in electrons normahzed to the 1800s exposure time of a single sub-frame, as 
described above. 
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Fig. 20. — An example showing an extraction window in iGDDS for object 2548 in the 22^^ GDDS field. 
Two sub-images and the corresponding one-dimensional spectrum are shown. The top sub-image shows 
a compressed view of a horizontal slice (34 pixels high and 4608 pixels wide) across the supercombined 
2D image at the y-coordinate of the slit. The bezier curve defining the trace for the spectrum is shown as 
the solid red line in the top sub-image. Control points for the curve are shown as black circles attached to 
the endpoints of the curve. Dragging a control point with the mouse changes the shape of the trace. The 
transparent yellow and purple regions linked to the trace correspond to the negative and positive extraction 
apertures. The transparent green rectangle in the top sub-image shows the portion of this image that is 
magnified for detailed inspection in the lower sub-image. The extracted spectrum for this object is shown at 
the bottom of the window. Note that at this stage in the extraction the spectrum is not fluxed. 




Fig. 21. — Examples illustrating the spectrum overlap classification system defined in Table 3. The trans- 
parent yellow and purple regions correspond to the negative and positive spectral extraction apertures. 
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Table 6. Data Columns in Final Text-Format Spectrum Files 



Name Quantity Unit 



Lambda 


Wavelength 


A 




Flux'' 


Linearly extracted object flux 


erg cm~^s" 




Sigma^ 


Standard deviation of linearly extracted object flux 


erg cm^^s" 


-lA 


SkyFlux'^ 


Linearly extracted sky flux 


erg cm~^s" 


-lA 


OptFlux* 


Optimally extracted object flux 


erg cm~^s" 


-lA 


Opt Sigma* 


Standard deviation of optimally extracted object flux 


erg cm~^s" 


-lA 


RedFix 


Additive correction for charge bleeding 


counts 




FluxCal 


Flux calibration 


mag 




Atmos 


Additive correction for atmospheric absorption 


counts 




Frac 


Fraction of pixels masked in spectral dimension 






Electrons 


Uncorrected counts 


electrons 





*Flux-calibrated and corrected for atmospheric absorption and charge bleeding. As de- 
scribed in the text (see §C.3), the absolute flux cahbration for individual objects is only ap- 
proximate. 
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Table 4. Master Data Table 



ID* RA(J2000) Dec(J2000) Confldence"= Overlap'' Weight" 2' 



SA02-0452 


0.828 


02:09:49.51 


-04:40:24.49 


4 


3 


0.02941 


23 


82 







04 


22 


79 


-|- 


(J 


02 


21 


38 







01 


20 


84 







02 


17.87 lb 0.08 


SA02-0558 


1.593 


02:09:37.49 


-04:40:12.50 


2 


3 


0.16561 


24 


24 




(] 


04 


23 


76 




(J 


04 


23 


10 


± 





04 


22 


48 







08 


19.23 ± 0.17 


SA02-0578 


1.124 


02:09:39.29 


-04:40:10.50 


3 


3 


0.01673 


25 


49 







17 


24 


81 







11 


23 


85 


it 





08 


23 


73 







25 


20.70 ± —9.99 


SA02-0585 


0.825 


02:09:50.13 


-04:40:07.55 


4 


2 


0.01188 


23 


76 


± 


Q 


03 


23 


34 







03 


22 


55 


j- 


Q 


03 


22 


57 







09 


20.70 =t —9.99 




1.054 


no-nQ-d? ni 

\jzi.\jy 1 Ajv 


-04-4n-09 7S 


3 


3 


0.16561 


25 


24 


-|- 


Q 




24 


64 


-|- 





09 


23 


28 


-|- 





05 


22 


63 







09 




SA02-0621 


1.35 


02:09:36.80 


-04:40:04.24 


4 





0.16561 


25 


IS 


-|- 


Q 


12 


24 


41 


-|- 





07 


23 


19 


-1- 





04 


22 


66 







09 


19.27 lb 0.17 


SA02-0623 


1.003 


02:09:40.09 


-04:40:05.16 


3 


3 


0.01673 


24 


84 


-t- 


Q 


08 


24 


50 


-|- 


() 


09 


23 


76 







07 


23 


14 







15 


20.70 zb —9.99 


SA02-0687 


1.02 


02:09:38.49 


-04:39:53.20 


3 


3 


0.02882 


25 


27 


-|- 





12 


25 


20 


-|- 


() 


16 


23 


59 







06 


22 


89 







11 


19.87 zb 0.24 


SA02-0708 


1.31 1 


02:09:34.81 


-04:39:47.79 


3 


3 


0.22642 


25 


54 







15 


24 


60 


-|- 


() 


10 


23 


26 







05 


22 


60 


± 





08 


18.64 zb 0.13 


SA02-0715 


1.133 


02:09:41.43 


-04:39:36.81 


4 


2 


0.10526 


22 


56 


± 





01 


21 


99 







01 


20 


93 







01 


20 


25 







01 


17.52 zb 0.07 




1.085 


(19 -(10-49 ^8 


-04-10-18 14 


3 


3 




24 


33 


dt 


Q 


06 


23 


52 







04 


22 


00 







02 


21 


23 


± 





03 


1 Q oe _L n 1 n 




1.084 


(19-(lQ-4^ in 


-04-10-41 10 


4 


3 


0.02146 


23 


16 


-|- 


Q 


02 


22 


65 


-|- 





02 


21 


71 







01 


21 


16 







03 


1 S 77 -1- n 1 


SA02-0744 


1.266 


02:09:38.83 


-04:39:44.33 


4 





0.03691 


23 


80 


-|- 


Q 


03 


23 


40 







03 


22 


68 


± 





03 


22 


36 


± 





07 


19.93 zb 0.26 


SA02-0756 


0.864 


02:09:43.49 


-04:39:43.1 1 


4 


3 


0.01673 


24 


75 


-1- 





07 


24 


23 


-|- 





07 


23 


55 


-1- 





06 


23 


48 







20 


20.70 zb —9.99 


SA02-0782 


1.049 


02:09:51.06 


-04:39:38.08 


2 


3 


0.07143 


26 


13 


± 


Q 


26 


24 


98 


± 





13 


23 


67 


± 





06 


22 


66 







09 


19.44 ± 0.19 


SA02-0796 


0.0 


02:09:30.41 


-04:39:37.4 


4 




0.01587 


25 


95 




Q 


14 


25 


12 


-|- 





10 


24 


56 







10 


25.00 ± 


-9.99 


20.70 ± —9.99 


SA02-0834 


1.127 


02:09:34.36 


-04:39:25.02 


4 





0.01321 


23 


88 


-i- 


Q 


04 


23 


61 


-|- 





04 


22 


81 


-i- 


Q 


03 


22 


65 







09 


20.70 it —9.99 


SA02-0839 


1.134 


02:09:38.03 


-04:39:28.22 




3 


0.01673 


24 


48 


± 


Q 


07 


24 


35 


± 





08 


23 


49 


± 


Q 


06 


23 


97 


± 





34 


20 70 + — Q 99 


SA02-0850 


1.392 


02:09:33.88 


-04:39:27.35 


3 





0.01673 


24 


40 




Q 


06 


24 


15 


-|- 





07 


23 


57 




Q 


06 


24 


01 







33 


20.70 it —9.99 


SA02-0857 


1.049 


02:09:48.89 


-04:39:19.87 


4 





0.25000 


25 


20 


-|- 





12 


23 


67 


-|- 





04 


22 


30 


-1- 





02 


21 


25 







03 


17.95 zb 0.09 


SA02-0946 


1.599 


02:09:50.69 


-04:39:05.93 


8 


5 


0.01673 


24 


18 







04 


23 


83 


-|- 




05 


23 


45 




{) 


05 


23 


25 







14 


20.70 zb —9.99 




0.786 


09 00-48 00 


-04-18-^4 10 


4 


3 


07049 


25 


14 


-|- 


Q 


w 


24 


06 


-j- 





06 


22 


72 







03 


22 


03 







05 


■ -l-O . u7 ^ U . -1- ^ 


SA02-1011 


1.133 


02:09:31.59 


-04:38:53.96 


4 





0.16561 


25 


67 


± 


Q 


19 


24 


48 


± 





09 


23 


32 




Q 


04 


22 


33 


± 





07 


19 27 + 17 


SA02-1085 


1.35 


02:09:32.86 


-04:38:40.72 


4 





0.01673 


24 


35 


± 





06 


24 


11 







06 


23 


88 







08 


23 


05 


± 





13 


20.70 ± —9.99 




0-9131 


(19 -no -44. 4fi 


-(i4-ia-ii 4fi 


4 





0.01673 


24 


33 


dh 


Q 


07 


23 


94 







06 


23 


57 







05 


22 


42 


± 





08 


90 70 -t- Q QQ 


SA02-1186 


1.05 


02:09:49.91 


-04:38:19.44 


3 


4 


0.50000 


25 


30 


j- 


Q 


12 


23 


61 


-|- 





04 


21 


90 


-[- 


Q 


01 


21 


01 







02 


17.56 ± 0.07 


SA02-1187 


1.124 


02:09:30.95 


-04:38:13.93 







1 .00000 


25 


15 


-1- 





12 


24 


48 


-|- 





09 


23 


28 


-1- 





05 


22 


41 







08 


18.50 i 0.12 


SA02-1243 


1.088 


02:09:35.79 


-04:38:09.80 


4 





0.01147 


24 


34 







06 


24 


25 


-|- 


[) 


08 


23 


41 




(] 


05 


23 


51 







20 


20.70 ± —9.99 


SA02-1255 


1.34 


02:09:45.60 


-04:38:07.19 


3 





0.22642 


26 


16 







29 


24 


87 







12 


22 


94 







03 


22 


20 







05 


18.23 ± 0.10 


SA02-1280 


1.085 


02:09:40.78 


-04:38:11.05 


4 





0.01673 


24 


56 


± 





07 


24 


26 







08 


23 


63 


± 





05 


22 


79 


± 





10 


20.70 ± —9.99 


SA02-1310 


1.135 


02:09:44.02 


-04:38:04.86 


9 


5 


0.01876 


23 


97 


± 





04 


23 


77 


± 





05 


23 


03 







04 


22 


77 


± 





09 


20.70 ± —9.99 


SA02-1400 


1.162 


02:09:46.28 


-04:37:48.61 








0.16561 


23 


96 


± 


Q 


04 


23 


85 







04 


23 


22 




Q 


04 


23 


02 


± 





12 


19.28 ± 0.18 


SA02-1417 


1.599 


02:09:33.32 


-04:37:31.15 


4 





0.16561 


24 


41 


=t 





07 


23 


92 







05 


23 


15 


=t 





04 


22 


96 







11 


19.39 ±0.19 


SA02-1543 


1.131 


02:09:32.47 


-04:37:21.85 


3 





0.16561 


25 


18 







12 


24 


08 







07 


22 


83 


± 





03 


21 


93 







06 
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=b 





05 


23.24 ± 0.12 


20.29 lb 0.19 


19.73 ± 0.26 


SA12-7099 


0.567 


12:05 


26.34 


-07:22:53.02 


4 


4 


0.10526 


24.67 =b 0.06 


23 


01 


zb 


01 


21 


88 


± 





01 


20 


91 


± 





01 


20.88 ± 0.01 


18.32 =b 0.07 


17.54 ± 0.08 


SA12-7127 


1.509 


12:05 


27.25 


-07:22:41.50 








0.02995 


25.77 zt 0.16 


24 


47 


zb 


04 


23 


93 


zb 





03 


23 


33 


zb 





04 


23.86 ± 0.19 


20.51 zb 0.22 


20.41 ± 0.33 


SAl 2-7205 


0.568 


12:05 


15.47 


-07:22:58.00 


4 





0.01045 


25.22 ± 0.10 


23 


50 


± 


02 


22 


46 


± 





01 


21 


72 


± 





01 


22.10 ± 0.04 


19.86 ± 0.15 


19.13 ± 0.17 


SA12-7250 


1.9 


12:05 


32.88 


-07:22:32.76 


3 





0.05639 


25.74 ± 0.15 


24 


36 


zb 


04 


23 


98 


± 





03 


23 


21 


± 





04 


23.83 ± 0.20 


20.92 ± 0.27 


19.94 ± 0.27 



Table 4 — Continued 



ID" z*" RA (J2000) Dec (J2000) C<mfidciice'= Overlap'' Weight" if ' 



SA12- 


■7359 


I 409 


P05 


- 13 48 


nv. 79-70 Sfi 


3 


Q 


0900'; 




24 


42 






04 


23.77 ± 


0. 


03 


23 


24 




Q 


04 


oq r,q _|_ n 17 
ZO . oy ZIZ u . X / 


91 9(1 _|_ Q qq 
z X . z I J zt — y.yy 


20, 


,32 


± 


32 


SA12- 


-7455 


83 


12'0S 


-28 40 


-07 ■ 22^24.24 


4 


Q 


02146 




24. 


26 







,04 


23.03 ± 


0, 


02 


21 


. 74 


-1- 


0, 


. [)1 


01 70 -L n ft'^ 
z ± . * zn u . 


_|_ 0^ 


18, 


,87 


± 


0.15 


SA12- 


-7512 


0.0 


1205 


30.14 


-07 22: 13.36 


4 





fl 01 1 88 


Of: QA _|_ _Q qq 


25. 


47 







,11 


24.06 ± 


0. 


,04 


22 


.58 


-1- 


0. 


,02 


22.92 i 0.09 


90 71 -1- n 95 
zu. J X zt u.zo 


20. 


,48 


± 


0.37 


SA12- 


■7518 


2 3 


12' 05 


'13 87 


n7'99'1 1 Ad 

"U / i 1 .H^t 




3 






25 


25 




Q 


09 


26.38 ± 


0. 


,10 


24 


91 


-j- 


Q 


17 


04 nn 4- Q QQ 


00 qR -1- n 9n 


19. 


,82 


± 


24 


SA12- 


•7524 


1 755 


12'05 


15 33 


-U/ .ZZ.ZO.UJ 


2 


3 


n 09887 

U.UZOOZ 




24 


82 


-j- 


Q 


05 


24.40 ± 


0. 


,05 


23 


49 


-|- 


Q 


05 


OA nn 4- Q QQ 
^fi.uu ^ — y.yy 


on OQ -1- n 1 Q 


19. 


,93 


± 


26 












n7 77 nfi ^ 1 






07 143 


zo.y4 zt u. 1 * 












24.59 ± 


0, 


,05 






_j_ 






oq 7q -1- on 
z . / y zt u . z u 


on Qn -1- n oft 
zu.yu zt u.zo 


19, 


,68 


± 




SA12- 


-7660 


791 


1205 


-26 83 




4 


Q 


U.l/Z IM-O 


or, r.f; _|_ fj i o 
Zt.j . ^J t> zn U . i- o 


23 


91 




Q 


03 


22.88 ± 


0, 


01 


21 


76 


_j_ 


Q 


01 


Z Z . ± ZIZ \} .\f'-± 


1 zin -1- n 19 
xy.'XLJ zt i/.xz 


18, 


,53 


± 


13 


SA12- 


-7672 


2 147 


12'05 


30 99 


-\} 1 .ZZ.l^Z.OM- 


2 


Q 


n osono 


Of; '-i'-i -L fl or. 


25 


10 




Q 


08 


24.61 ± 


0, 


05 




52 


_j- 


Q 




OA nn -1- ou 
Z'i . ^j^j ZIZ — y . y y 


9fi nn -1- n if; 


19, 


17 


± 


18 


SA12- 


-7792 




12'05 


-32 24 


n7-9nnA 9n 

-l^ / .ZU.l^M-.Zl.^ 


Q 


Q 




Of; (jn -1- 00 


26 


57 




Q 


23 


26.50 ± - 


-9.99 


24 




_j- 




14 


94 nn -1- ou 
Z'i . ^j^j ZIZ — y . y y 


91 9fi _|_ q 00 
z X . z Lj Zt — y . y y 


19, 


,69 


± 


25 


SA12- 


-7852 


964 


1205 


-23 56 


-U / -ZU. JM-. ID 


3 




03691 


oc: qr _|_ fl 1 q 
zo.yo ziz u.±y 


24 


30 




Q 


04 


23.42 


-1- 


0. 


02 


22 


34 


_j_ 


Q 


02 


99 eq _l_ 07 
zz . oy HZ u .u / 


1 q oe _|_ n 1 
xy.oo zt u.xo 


19. 


17 


± 


17 












n7'7n'^7 77 






01321 


oe Qi -i-fi If? 












23 63 


^ 


Q 


02 






_i_ 
^ 






oq OQ -1- n 10 


01 on -1- Q QQ 

zl.zkj ;x — y.yy 


20. 


,77 


± 






7QdQ 


1 722 


12-05 


■1499 


-u/.zu. jy.jD 






o oons 


OR OR -1- n 0/1 


24 


94 




n 

■ 


Ofi 

■ 


24.68 


-1- 


0. 


05 


24 


08 

■ 




n 


n? 

■ 


Oyl no -1- Q QQ 


on BQ -1- n OQ 
zU.cSo i u. zy 


20. 


,89 


± 


41 


SA12 


7995 


1 753 


12-05 


■12 55 


-u / .zu. jy.oj 






O 09SS9 
U.UZooZ 


OR Qfl -1- Q QQ 
zD.yU nz — y.yy 


25 


3^ 








24 71 


_j_ 


Q 


07 






^ 






OA 00 -t- Q QQ 

Z4.UU zt — y.yy 


91 n/1 -1- n Qi 

Z 1.1)41: Zt U.Oi 


20, 


14 


± 


■ 


SA12 


8025 


1 397 


12-05 


■2540 


07-7 1 ■7A d(i 
-U / .Z 1 .Z-+.H-0 






22642 


Of^ KA A- (1 'XC\ 

ZO.D'4: Zt U.OU 


2^' 








09 


24.55 


-1- 


0, 


05 


23 


16 






04 


99 o« -L n 1 fl 

zz . yo zt u . ±u 


xy . oo zt u. X v> 


18, 


,91 


± 




SA12- 


-8037 


1 267 


1205 


31 61 


-\} 1 . ZU. J V, JD 


3 


Q 


07216 


oc: ro _|_ n 1 
Z O . ^J Z ZIZ l ' . -L O 


24 


52 




Q 


04 


23.93 


-1- 


0, 


03 


22 


72 


_j- 


Q 


()2 


9q fiq -1- n 1 


1 q q9 _|_ fl 1 7 
X ,? . y z zt u . X 1 


19, 


22 


± 


018 


SA12- 




2 03 


1205 


■25 12 


07-9 1 ■ 1 1) ■^n 


Q 


Q 


22642 


Of; /!« _|_ ft ow 
Z U . ^ t> ZIZ U . Z O 


25 


34 




Q 






_j- 








37 


-j- 




04 




on 9R -1- n 1 (J 
Z1.J . z zt y> • X ,7 


18, 


96 


± 


0.16 


SA12- 


-8139 


1 189 


12-05 


13 15 




4 


Q 


05639 


Of; -1 7 -L n 99 
ZU.XJ ZIZ u.zz 


25 


40 




Q 


09 


24 27 


_j_ 





04 


22 


93 


_j_ 







99 RO -1- n (17 
zz . oy zt u .u ( 


90 9-1 _|_ n 1 Q 
zu.zx zt u.xy 


19, 


,29 


± 


0.19 












n7' 70-07 fiQ 






07 143 


OR 0"^ -1- n 1 Q 






4_ 






24 10 


-j- 


Q 


04 






_(_ 




06 


oq 4-017 


01 n'^ -1- n 


19. 


,52 


± 


0.20 


SA12- 


■8241 


602 


12*05 


'15 88 


-U/ .Zl. JJ.Zl 






01147 


Of> fji _|_ fl qq 


25. 


21 


± 


Q 


09 


24 23 


-|- 


Q 


04 


23 


50 


-|- 


Q 


05 


oq RQ -1-0 17 


on QQ -1- n QO 
zu.yo ^ u.oz 


21.00 ± - 


-9.99 


SA12- 


-8250 


767 


1205 


17 24 


n7-9n n7 q7 


4 


3 


01321 


oc: oc _|_ fl 1 e 

ZO. OO ZIZ l^.XO 


24, 


57 


± 


Q 


05 


23.68 


-1- 


0, 


03 


22 


84 


_j_ 


Q 


03 


9zL nn -1- Q QQ 
Z'^i.uu zt — y.yy 


90 7c 4_ n OS 
z^j. i zn u.zo 


20, 


,64 


± 


0.37 


SA12- 


-8266 


1 047 


1205 


■ 13 90 


-l^ / .Z 1 . iM-.ZJ 


4 


3 


05639 


Ofi '-i7 -L fl 07 

ZO . L> 1 ZIZ U . Z 1 


25. 


,62 


± 


Q 




24.26 


-1- 


0, 


04 


22 


83 


_j_ 


g 


02 


9q on -1- n 1 
zo.ou zt U.Xo 


1 q q9 _|_ n 1 R 
xy . yz zt u. 10 


19, 


,35 


± 


0.19 












07 70 dS 7A 








O/i 00 _|_ fl 07 

Z4:.00 ZIZ U. U * 


23. 


,84 


± 




03 


23.31 


-j- 


0. 


02 






_j_ 






9q 1 _(_ 11 
ZO. -iz zt U . X X 


00 OR -4- n 1 fi 
zU .UO zt U. 10 


19. 


,34 


± 


0.19 


SA12- 


■8506 


1 267 


12'05 


'28 02 


07-71-^7 Id 


2 


Q 


n 077 1 fi 


oe Qfl _|_ fl 1 


25. 


,29 


± 


Q 


08 


24 58 


-j- 


Q 


07 


22 


60 


-j- 


Q 


12 


09 1 4 -1- n 1 


1 q QQ _i_ n 1 7 
ly .yy i u. 1 1 


19. 


21 


± 


0.18 


SA12- 


■8668 


987 


12' 05 


'14 69 


07-71 -dn d1 


4 


3 


03691 


OK OQ _|_ fl 1 n 


24. 


,10 


± 


Q 


03 


23.36 


± 


0. 


,02 


22 


28 


-j- 


Q 


02 


00 c;q -i- n OR 


1 q Qq _|_ n 1 R 
ly.yo I u.io 


19. 


22 


± 


0.18 












07-70-7^ OO 






O 09H87 


oc: *31 _|_ fl 1 q 


24. 


,28 


± 






23.93 


± 


0. 


03 






_i_ 
zt: 






0^ no -1- Q QQ 

^^.uu It — y.yy 


01 on -1- Q OQ 

^l.zkj zxz — y.yy 


20. 


,11 


± 


0.28 


SA12- 


■8864 


2 245 


12*05 


'14 67 


07-71-^0 67 




Q 


07143 


oe 07 _|_ fl 1 7 

ZO.O ( ^ U. ± 1 


26. 


,22 


± 


Q 


08 


24.66 


± 


0. 


,06 


23 


86 


-|- 


Q 


07 


OA nn -1- n 0*^ 


on sn -1- n or 

zu.ou ^ u.zo 


19. 


,75 


± 


0.23 


SA12- 


-8895 


1 646 


1205 


■ 14 33 


n7-9n- id 


2 


Q 


22642 


OR no -1- n 1 Q 

ztj.i^z ZIZ v'.iy 


24, 


,67 


± 


Q 


05 


23.92 


± 


0, 


,03 


23 


12 


_j_ 


Q 


04 


99 qe _i_ n in 
zz.yo zt u.xu 


1 q r n -1- n 1 Q 
ly . ou zt u. 10 


18, 


,48 


± 


0.12 


SA12- 


-8983 


963 


1205 


■23 29 


-yi / . 1 V .J / ,w 


4 


Q 


0294 1 


Of; (ifl -1- Q 00 
zij . ,j u ZIZ — y . y y 


24, 


72 


± 






23.29 


± 


0, 


,02 


21 










91 ({A -4- (\ iy-< 
z X . iJH: zt \f . uo 


1 q -1 K _|_ fl 1 -| 
X y . X D zt u . X X 


18, 


24 


± 


0.11 


SA12- 


-9012 


2 301 


12-05 


13 19 


07-91 -^1 9fl 

-U/ .Zl. J l.ZU 


Q 


3 


07216 


OR oc: 4, fl OQ 
ZU.ZD HT u.zy 


24. 


,78 


± 


Q 


05 


23.72 


± 


0. 


,03 


22 


58 




Q 


02 


99 qf; 4- OQ 
zz.yo H; u.uy 


90 07 -1- n 1 7 
zu.u ( :i: u. 1 1 


19. 


14 


± 


0.17 


SA12- 


■9127 


1.027 


12:05 


: 19.94 


-n7*9n*iQ s"! 

"U / .zu. ly. J J 


4 





0.02995 


97 fii _|_ n QS 


26. 


,36 


± 


0, 


.09 


24.06 


± 


0. 


,04 


22 


.83 


-|- 


Q 


.03 


oq 1 R -1- n in 


90 ni -1- n 1 R 


19. 


,69 


± 


0.23 


SA12- 


■9194 




12:05 


•29.63 


"U / .ZU..JU. J J 


Q 


2 


0.01 147 


OK fic _|_ n 1 ^ 


24. 


,47 


± 


0, 


.04 


24.14 


± 


0. 


03 


23 


.54 


-j- 


Q 


.05 


04 RQ -1- n "^7 


99 1 1 _|_ n 7Q 
zz . X X ZU u ■ f y 


21. 


,23 


± 


0.62 


SA15- 


■3841 


1 46 


15*23 


"39 07 


On-07*^^ 7^ 


4 


Q 


01673 


OK KK _|_ fl 1 ft 


24. 


,68 


± 


Q 


06 


24.07 


± 


0. 


03 


23 


88 




Q 


06 


O"? sn -1- Q QQ 


90 qo -1- n QA 


21.00 ± - 


-9.99 


SA15- 


■3853 


1.471 


15:23: 


:47.60 


-00:07:52.24 





3 


0.01673 


25.03 ± 0.10 


24. 


,57 


± 


0, 


.06 


24.32 


± 


0. 


,04 


23, 


.83 


± 


0, 


.07 


23.80 ± -9.99 


21.10 ± -9.99 


21.00 ± - 


-9.99 


SA15- 


-3869 


1.2633 


15:23 


: 39.64 


-00:07:52.46 


4 





0.16561 


25.20 ± 0.10 


24, 


,54 


± 


0, 


,05 


23.88 


± 


0, 


,03 


23 


.05 


± 


0, 


,03 


22.59 ± 0.10 


20.78 ± 0.43 


19.22 ± 0.10 


SA15- 


-3955 


1.47 


15:23 


■Al.ll 


-00:07:46.48 


1 





0.0369 1 


24.38 ± O.Ofi 


24, 


00 


± 





,03 


23.44 


± 


0, 


,02 


22 


.70 


± 


0, 


,03 


22.12 ± 0.07 


15.69 ± 0.04 


19.49 ± 0.11 


SA15- 


-4113 


2.683 


15:23. 


:51.67 


-00:07:28.47 








0.01673 


24.70 ± 0.07 


24. 


,42 


± 


0, 


,05 


24.23 


± 


0. 


,04 


23, 


.91 


± 


0, 


.07 


23.78 ± 0.31 


21.10 ± -9.99 


21.00 ± ■ 


-9.99 


SA15- 


■4231 


1.328 


15:23: 


:51.46 


-00:07:23.09 


2 





0.00378 


26.60 ± -9.99 


26.50 ± - 


_c 


).99 


25.26 


± 


0. 


,13 


24, 


.05 


± 


0. 


.09 


23.62 ± 0.29 


21.10 ± -9.99 


21.00 ± - 


-9.99 


SA15- 


■4272 


0.918 


15:23: 


:43.45 


-00:07:17.25 


4 





0.01147 


25.11 ± 0.11 


24. 


,96 


± 


0, 


.08 


24.37 


± 


0. 


,04 


23 


.54 


± 


0, 


.05 


22.99 ± 0.16 


20.32 ± 0.36 


21.00 ± - 


-9.99 


SA15- 


■4367 


1.725 


15:23: 


:42.63 


-00:07:11.73 


9 


1 


0.07143 


26.60 ± -9.99 


26. 


,59 


± 


0, 


.12 


25.03 


± 


0. 


,07 


23 


.58 


± 


0, 


.05 


22.92 ± 0-14 


21.10 ± -9.99 


19. 


,47 


± 


0.12 


SA15- 


■4522 


2.015 


15:23: 


:43.49 


-00:06:58.27 


1 





0.01587 


25.63 ± 0.15 


26. 


,44 


± 


0, 


.11 


24.93 


± 


0. 


,07 


24, 


.36 


± 


0, 


.10 


23.80 =t -9.99 


21.10 ± -9.99 


20. 


,13 


± 


0.21 


SA15- 


-4634 


2.861 


15:23 


:40.69 


-00:06:52.49 


1 


4 


0.01673 


24.31 ± 0.06 


24, 


,02 


± 


0, 


,03 


23.76 


± 


0, 


,03 


23 


.64 


± 


0, 


,05 


23.80 ± -9.99 


21.10 ± -9.99 


20, 


,85 


± 


0.37 


SA15- 


-4662 


0.897 


15:23 


:53.07 


-00:06:48.36 


4 


3 


0.01673 


25.92 ± 0.23 


25, 


18 


± 





,08 


24.64 


± 


0, 


06 


23 


.50 


± 


0, 


,05 


23.25 ± 0.21 


21.10 ± -9.99 


20, 


47 


± 


0.24 


SA15- 


-4687 


1.2111 


15:23. 


:57.28 


-00:06:53.31 


8 


2 


0.01673 


24.88 ± 0.09 


24. 


,78 


± 


0, 


,06 


24.19 


± 


0. 


,04 


23, 


.69 


± 


0, 


,06 


23.68 ± 0.30 


21.10 ± -9.99 


20. 


,93 


± 


0.35 


SA15- 


■4762 


1.598 


15:23: 


:53.27 


-00:06:42.04 


3 





0.07143 


25.24 ± 0.12 


24. 


,87 


± 


0, 


.06 


24.39 


± 


0. 


,04 


23 


.69 


± 


0. 


.05 


23.50 ± 0-27 


20.76 ±0.41 


19. 


,86 


± 


0.16 


SA15- 


■4828 


1.98 


15:23: 


:46.34 


-00:06:35.96 


2 





0.00378 


24.83 ± 0.09 


24. 


,61 


± 


0, 


.06 


24.26 


± 


0. 


,04 


24, 


.14 


± 


0, 


.08 


23.80 ± -9.99 


20.62 ± 0.39 


20. 


,93 


± 


0.37 


SA15- 


■4958 


1.982 


15:23 


:53.09 


-00:06:28.24 


1 





0.16561 


24.93 ± 0.09 


24. 


,50 


± 


0, 


.05 


23.93 


± 


0. 


,03 


23, 


.30 


± 


0, 


.04 


22.31 ± 0.09 


20.34 ± 0.33 


19. 


,26 


± 


0.10 


SA15- 


■5005 


1.845 


15:23 


:45.96 


-00:06:21.28 


2 


4 


0.07143 


26.50 ± -9.99 


25. 


,09 


± 


0, 


.09 


24.55 


± 


0. 


,06 


23, 


.59 


± 


0, 


,05 


23.13 ± 0.21 


19.90 ± 0.26 


19. 


,59 


± 


0.14 


SA15- 


-5056 


1.65 


15:23 


:57.19 


-00:06:18.83 





3 


0.01673 


24.53 ± 0.06 


24, 


18 


± 


0, 


,04 


23.85 


± 


0, 


,03 


23 


.52 


± 


0, 


,05 


23.27 ± 0.22 


21.10 ± -9.99 


20. 


,76 


± 


0.29 


SA15- 


-5127 


1.1865 


15:23 


:50.81 


-00:06:14.69 


4 





0.02036 


24.10 ± 0.05 


23, 


77 


± 





,03 


23.31 


± 


0. 


02 


22 


.68 


± 


0, 


,02 


22.22 ± 0.09 


21.10 ± -9.99 


20. 


19 


± 


0.20 


SA15- 


-5231 


0.876 


15:23. 


:43.77 


-00:06:03.74 


4 


4 


0.01147 


26.17 ± 0.34 


24. 


,81 


± 


0, 


,08 


23.96 


± 


0. 


,05 


23, 


.52 


± 


0, 


,06 


23.56 ± 0.38 


21.10 ± -9.99 


21.00 ± - 


-9.99 



Table 4 — Continued 



ID" z*" RA(J2000) Dcc(J2000) Confidence'' Overlap'' Weight" 
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SA22-1983 


1.488 


22:17:48.41 


00:16:08.81 


3 


1 


0.05000 


26 


89 


±0 


13 


23 


68 


± 





09 


23.28 ± 0.22 


19.98 ± 0.07 


19.06 ± 0.19 


SA22-1993 


0.0 


22:17:47.55 


00:16:03.02 


3 





0.03704 


22 


81 


±0 


01 


22 


22 


± 





02 


22.51 ± 0.10 


21.19 ± 0.17 


21.00 ± -9.99 


SA22-2045 


1.111 


22:17:35.35 


00:15:54.33 


3 





0.02995 


24 


74 


± 


06 


23 


37 


± 





06 


22.26 ± 0.08 


21.03 ± 0.18 


20.35 ± 0.38 


SA22-2107 


0.836 


22:17:31.98 


00:15:43.76 


4 





0.01147 


24 


36 


± 


04 


23 


69 


± 





09 


23.38 ± 0.23 


21.30 ± -9.99 


21.00 ± -9.99 


SA22-2107 


0.968 


22:17:31.98 


00:15:43.76 


8 





0.01147 


24 


36 


± 


04 


23 


69 


± 





09 


23.38 ± 0.23 


21.30 ± -9.99 


21.00 ± -9.99 


SA22-2122 


2.172 


22:17:45.14 


00:15:37.66 








0.01673 


24 


38 


±0 


04 


23 


73 


± 





09 


23.39 ± 0.23 


21.30 ± -9.99 


20.82 ± 0.46 


SA22-2172 


1.562 


22:17:39.85 


00:15:26.42 


4 





0.01876 


23 


78 


±0 


02 


23 


09 


± 





06 


22.82 ± 0.14 


21.30 ± -9.99 


20.49 ± 0.38 


SA22-2196 


0.627 


22:17:44.16 


00:15:21.56 


4 





0.01876 


24 


75 


±0 


06 


23 


31 


± 





06 


23.50 ± -9.99 


20.66 ± 0.12 


21.00 ± -9.99 


SA22-2237 


1.447 


22:17:45.58 


00:15:13.50 


3 





0.01673 


24 


37 


±0 


04 


23 


68 


± 





08 


23.50 ± -9.99 


20.66 ± 0.14 


20.52 ± 0.38 


SA22-2247 


1.039 


22:17:32.28 


00:15:13.67 


3 


3 


0.02882 


24 


53 


± 


04 


23 


58 


± 





08 


23.35 ± 0.22 


21.15 ± 0.23 


20.13 ± 0.31 


SA22-2264 


1.672 


22:17:38.84 


00:15:05.95 


4 





0.02995 


23 


92 


± 


03 


23 


37 


± 





08 


23.50 ± -9.99 


20.68 ± 0.16 


20.36 ± 0.36 


SA22-2362 


0.133 


22:17:36.92 


00:14:41.06 


4 


6 


0.00459 


22 


31 


± 


01 


22 


12 


± 





02 


22.01 ± 0.06 


21.30 ± -9.99 


20.69 ± 0.44 


SA22-2395 


1.486 


22:17:47.21 


00:14:32.91 


4 





0.02036 


23 


06 


±0 


01 


22 


70 


± 





04 


23.03 ± 0.16 


20.96 ± 0.18 


20.40 ± 0.36 


SA22-2400 


1.969 


22:17:33.54 


00:14:31.68 


3 


3 


0.02882 


23 


73 


±0 


03 


23 


49 


± 





09 


23.16 ± 0.19 


21.30 ± -9.99 


19.93 ± 0.29 


SA22-2439 


1.156 


22:17:42.29 


00:14:24.56 


9 





0.16561 


24 


73 


± 


07 


23 


18 


± 





06 


23.50 ± -9.99 


20.11 ± 0.10 


19.38 ± 0.21 


SA22-2439 


1.314 


22:17:42.29 


00:14:24.56 


4 





0.16561 


24 


73 


± 


07 


23 


18 


± 





06 


23.50 ± -9.99 


20.11 ± 0.10 


19.38 ± 0.21 


SA22-2476 


0.432 


22:17:30.95 


00:14:17.31 


4 


3 


0.01673 


24 


61 


± 


05 


23 


66 


± 





09 


23.22 ± 0.21 


21.30 ± -9.99 


20.77 ± 0.44 


SA22-2491 


0.471 


22:17:37.66 


00:14:12.38 


4 





0.01876 


24 


05 


± 


03 


23 


30 


± 





06 


22.67 ± 0.12 


21.15 ± 0.22 


21.00 ± -9.99 


SA22-2526 


1.376 


22:17:50.13 


00:14:02.10 


8 


1 


0.03185 


23 


26 


± 


02 


22 


18 


± 





02 


21.61 ± 0.04 


19.57 ± 0.07 


18.91 ± 0.17 



Table 4 — Continued 



ID" 


zb 


RA (J2000) 


Dec (J2000) 


Confidence^ 


Overlap'^ 


Weight" 






















iff 


SA22-2541 


0.617 


22 


17:32.94 


00:13:58.92 


4 


3 


0.02146 




23 


33 ± 


02 




21 


75 ± 


02 


21.52 ± 0.04 


20.24 ± 0.11 


18.78 ± 0.16 


SA22-2548 


1.022 


22 


17:35.83 


00:13:51.88 


4 





0.20000 




24 


79 ± 


05 




21 


96 ± 


02 


21.31 ± 0.04 


18.93 ± 0.04 


17.84 ± 0.10 


SA22-2587 


1.395 


22 


17:45.12 


00:13:48.21 


2 





0.16561 




26 


03 ± 


18 




23 


39 ± 


06 


23.50 ± -9.99 


20.34 ± 0.12 


19.27 ± 0.20 


SA22-2636 


0.417 


22 


17:33.64 


00:13:34.22 


4 


3 


0.02036 




23 


30 ± 


02 




22 


33 ± 


03 


22.77 ± 0.12 


20.91 ± 0.18 


20.04 ± 0.30 


SA22-2639 


0.883 


22 


17:46.70 


00:13:31.93 


14 


4 


0.03185 




23 


20 ± 


02 




21 


71 ± 


02 


21.22 ± 0.03 


19.39 ± 0.06 


18.24 ± 0.12 


SA22-2703 


1.339 


22 


17:35.23 


00:13:24.19 


4 


3 


0.01876 




23 


82 ± 


03 




23 


04 ± 


05 


22.78 ± 0.14 


20.43 ± 0.12 


20.65 ± 0.43 


SA22-2727 


3.73 


22 


17:45.60 


00:13:19.32 


4 





0.01147 




24 


55 ± 


05 




23 


63 ± 


08 


22.59 ± 0.10 


21.30 ± -9.99 


21.00 ± -9.99 


SA22-2788 


1.593 


22 


17:45.79 


00:13:08.37 


9 


4 


0.01147 




24 


02 ± 


03 




23 


52 ± 


07 


23.16 ± 0.18 


21.30 ± -9.99 


21.00 ± -9.99 


SA22-2863 


0.918 


22 


17:49.17 


00:12:57.29 


4 





0.16561 




25 


74 ±0 


14 




23 


37 ± 


06 


23.21 ± 0.21 


20.75 ± 0.12 


19.25 ± 0.20 



^GDDS object identification 
^Redshift 

'^Redshift confidence (see text) 

^ Slit geometry/collision class (see text) 

® Sampling weight (see text) 

^Non-detections have been placed at the formal 2a detection limit of the filter and flagged with a magnitude error of —9.99. 



Table 5. Spectral Features and Classifications 



Emission Absorption 

K ^ < < °o °^ u i 

nn r--Ooooo sh_ Ki jirH 

ID <aamm fcttiSSicQQ ^ u u ai 



o 
o 

(N 
oo 



> 

cn 
O 

o 
o 



SA02-0452 





1 











2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.828 


SA02-0558 





1 


2 


2 


2 


2 





1 





2 


2 


2 


2 


100 


2 


1.593 


SA02-0578 





1 


2 





2 


2 





2 


2 





1 





2 


010 


3 


1.124 


SA02-0585 





1 


1 


1 


1 


2 


2 


2 


2 





1 





2 


100 


4 


0.825 


SA02-0617 





1 


2 





2 


2 


2 
















2 


100 


3 


1.054 


SA02-0621 





1 


2 





2 


1 





1 





1 


1 


1 


2 


010 


4 


1.350 


SA02-0623 





1 


2 





2 


2 


2 


2 








1 





2 


100 


3 


1.003 


SA02-0687 





1 


2 





2 


2 


2 


2 


2 





1 





2 


100 


3 


1.020 


SA02-0708 





1 


2 





2 


2 


1 


1 





1 


1 


1 


2 


010 


3 


1.311 


SA02-0715 





1 


2 





2 


2 


2 


1 


1 


1 


1 


1 


2 


110 


4 


1.133 


SA02-0725 





1 


2 





2 


2 


2 


2 


2 


1 


1 





1 


010 


3 


1.085 


SA02-0733 





1 


2 





2 


2 


1 


1 


1 


1 


1 





2 


110 


4 


1.084 


SA02-0744 





1 


2 





2 


2 


1 


1 


1 


1 


1 


1 


2 


110 


4 


1.266 


SA02-0756 





1 


1 





1 


2 


2 


2 


2 










2 


100 


4 


0.864 


SA02-0782 





1 


2 





2 


2 


2 


2 


2 


2 


1 





1 


010 


2 


1.049 


SA02-0834 





1 


2 





2 


2 


2 








1 


1 





2 


110 


4 


1.127 


SA02-0839 





1 


2 





2 


2 


2 


2 


2 











1 


000 


8 


1.134 


SA02-0850 





1 


2 





2 


1 





1 








1 





2 


110 


3 


1.392 


SA02-0857 





1 


2 





2 


2 


2 


2 


1 


1 





1 


2 


001 


4 


1.049 


SA02-0946 





1 


2 


2 


2 


2 





1 





2 


2 


2 


2 


100 


8 


1.599 


SA02-0995 





1 











2 


2 


2 


2 


1 





1 


2 


001 


4 


0.786 


SA02-1011 







2 





2 


2 


2 


1 





1 





1 


1 


001 


4 


1.133 


SA02-1085 





1 


2 





2 


2 





1 





2 


1 


2 


2 


110 


4 


1.350 


SA02-1134 





1 


1 


1 


1 


2 


2 

















2 


100 


4 


0.913 


SA02-1186 





1 


2 





2 


2 


2 


1 





1 


1 


1 


2 


001 


3 


1.050 


SA02-1187 







2 





2 


2 


2 


2 


2 


1 





1 


1 


001 


1 


1.124 


SA02-1243 





1 


2 





2 


2 


2 

















2 


100 


4 


1.088 


SA02-1255 







2 





2 


2 


2 


1 


1 


1 


1 


1 


2 


001 


3 


1.340 


SA02-1280 







2 





2 


2 











1 


1 





2 


110 


4 


1.085 


SA02-1310 







2 





2 


2 


2 


2 


2 











1 


010 


9 


1.135 


SA02-1400 







2 


2 


2 








1 














1 


100 





1.162 


SA02-1417 







2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


4 


1.599 


SA02-1543 








2 





2 


2 


2 


1 





1 


1 


1 


2 


001 


3 


1.131 


SA02-1549 





2 


2 


2 


2 





1 


1 





2 


2 


2 


2 


100 





2.223 


SA02-1563 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


101 


1 


1.909 


SA02-1636 







2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


4 


1.636 


SA02-1702 







2 





2 


2 


2 


1 





1 


1 





2 


110 


4 


1.052 


SA02-1722 







2 





2 


2 


2 


2 


2 


2 


2 


2 


2 


000 


9 


1.233 


SA02-1724 
















2 


2 


2 


2 


1 


1 


1 


2 


010 


4 


0.996 


SA02-1727 


1 




2 


1 


2 























2 


000 


14 


1.339 


SA02-1741 







2 





2 


2 





1 














2 


100 


3 


1.232 



Table 5 — Continued 



Emission Absorption 



SA02-1777 





1 


2 





2 


2 


2 


2 


2 


1 


1 





2 


010 


4 


0.982 


SA02-1778 





1 


2 





2 


2 


2 


2 


2 





1 





2 


110 


3 


0.980 


SA02-1785 





1 


2 


1 


2 


2 


2 








1 


1 





2 


110 


4 


1.002 


SA02-1790 





1 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


4 


1.577 


SA02-1842 







2 





2 


2 


2 


1 





1 


1 


1 


1 


001 


2 


1.342 


SA02-1878 





1 


2 





2 


2 


2 


2 


2 





1 





1 


100 


4 


0.915 


SA02-1933 





1 


2 


2 


2 


2 


2 








2 


2 


2 


2 


000 


9 


1.014 


SA02-1935 
















2 


2 


2 


2 


1 





1 


2 


001 


4 


0.915 


SA02-1937 







2 





2 


2 


2 








1 


2 


1 


1 


oil 


1 


1.364 


SA02-1975 





1 


2 





2 


2 


2 


2 


2 


1 


1 





1 


010 


3 


0.912 


SA02-2025 





1 


2 


2 


2 


1 


1 








2 


2 


2 


2 


100 


8 


1.526 


SA02-2082 





1 


2 





2 


2 


2 











1 





2 


010 


4 


1.012 


SA02-2130 





1 


2 





2 


2 


2 


1 








1 





2 


110 


8 


1.052 


SA02-2134 





1 


2 





2 


2 


2 








1 


1 





2 


110 


4 


0.931 


SA02-2171 





1 


2 





2 


2 


2 


2 


2 











2 


000 


9 


1.129 


SA02-2182 





1 


2 





2 


2 




















1 


010 


9 


1.310 


SA02-2197 





1 


2 





2 


2 


2 


2 


2 


1 





1 


1 


001 


3 


1.132 


SA02-2530 





1 


2 


2 


2 





1 


1 





2 





2 


2 


10 


4 


1.527 


SA12-5175 





1 


2 








2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.891 


SA12-5224 





1 


2 





2 


2 


2 








1 


1 





2 


110 


3 


1.018 


SA12-5241 







2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


3 


1.356 


SA12-5337 





1 











2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.679 


SA12-5444 





1 


2 


2 


2 


2 





1 





2 


2 


2 


2 


100 


8 


1.217 


SA12-5500 





1 


2 


2 


2 








1 





2 


2 


2 


2 


100 


1 


1.496 


SA12-5513 





1 











2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.611 


SA12-5592 







2 


2 


2 








1 





2 


2 


2 


1 


001 


3 


1.623 


SA12-5685 





1 


1 





1 


2 


2 


2 


2 





1 





2 


110 


4 


0.960 


SA12-5722 
















2 


2 


2 


2 


1 


1 


1 


2 


110 


4 


0.841 


SA12-5724 
















2 


2 


2 


2 


1 


1 


1 


2 


010 


3 


0.881 


SA12-5761 







2 





2 


2 


2 


1 








1 





2 


110 


4 


1.079 


SA12-5836 








2 


2 


2 








1 





1 


1 


1 


2 


oil 


4 


1.348 


SA12-5869 








2 


2 


2 








1 





2 


2 


2 


1 


001 


3 


1.510 


SA12-5898 





2 


2 


2 


2 








1 





2 


2 


2 


1 


101 


1 


1.747 


SA12-5957 





1 


2 





2 








1 





2 


2 


2 


2 


100 


3 


1.340 


SA12-5965 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


1 


100 


2 


1.862 


SA12-6072 





2 


2 


2 


2 








1 


1 


2 


2 


2 


1 


001 


2 


1.576 


SA12-6131 








2 





2 


2 





1 





1 


1 


1 


2 


001 


4 


1.308 


SA12-6192 





1 


2 


2 


2 





1 


1 





2 


1 


2 


2 


100 


3 


1.505 


SA12-6232 





1 


2 





2 


2 











1 








2 


100 


4 


1.112 


SA12-6301 





2 


2 


2 


2 


1 


1 


1 


1 


2 


2 


2 


2 


100 


4 


1.760 


SA12-6339 





2 


2 


2 


2 


1 


1 








2 


2 


2 


2 


100 


3 


2.293 



Table 5 — Continued 



Emission Absorption 



SA12-6411 





2 


2 


2 


2 








1 





2 


2 


2 


1 


101 


1 


1.976 


SAl 2-6456 

















2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.612 


SA12-6526 





1 


2 





2 


2 





1 








1 





2 


110 


4 


1.187 


SA12-6619 





1 


2 





2 


2 











1 


1 


1 


2 


oil 


4 


1.078 


SA12-6627 





1 


2 





2 


2 


2 


2 














2 


110 


2 


1.325 


SA12-6633 





1 











2 


2 


2 


2 











2 


000 


9 


0.793 


SA12-6769 





1 


2 


2 


2 








1 





2 








2 


100 


1 


1.497 


SA12-6771 





1 


2 


2 


2 





1 


1 





2 


2 


2 


1 


001 


8 


1.273 


SA12-6800 

















2 


2 


2 


2 


1 


1 


1 


1 


001 


4 


0.615 


SA12-6896 





1 


2 





2 























2 


100 


8 


1.299 


SAl 2-6974 


1 


1 


2 


2 


2 





1 


1 





2 


2 


2 


2 


000 


14 


1.578 


SA12-7045 








2 





2 


2 


2 


2 





1 





1 


2 


001 


4 


1.297 


SA12-7099 





1 








1 


2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


0.567 


SA12-7127 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 





1.509 


SA12-7205 





1 


1 





1 


2 


2 


2 


2 


1 


1 





2 


010 


4 


0.568 


SA12-7250 





2 


2 


2 


2 


1 


1 


1 


1 


2 


2 


2 


2 


100 


3 


1.900 


SA12-7359 





1 


2 


2 


2 








1 





2 


1 


2 


2 


110 


3 


1.409 


SA12-7455 





1 











2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


0.830 


SA12-7518 





2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


000 


1 


2.300 


SA12-7524 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


2 


1.755 


SA12-7595 





1 


2 





2 


2 


2 


1 





2 





2 


2 


010 


8 


1.371 


SA12-7660 





1 


1 





1 


2 


2 


2 


2 


1 


1 





2 


110 


4 


0.791 


SA12-7672 





2 


2 


2 


2 





1 


1 





2 


2 


2 


2 


001 


2 


2.147 


SA12-7852 





























1 


1 


1 


1 


101 


3 


0.964 


SA12-7939 





1 


1 





1 


2 


2 


2 


2 


1 


1 


1 


2 


110 


4 


0.664 


SA12-7949 





2 


2 


2 


2 





1 


1 





2 


2 


2 


2 


100 


1 


1.722 


SA12-7995 





2 


2 


2 


2 








1 





2 


2 


2 


2 


100 


1 


1.753 


SA12-8025 





2 


2 


2 


2 


2 


1 


1 


1 


2 


2 


2 


1 


001 


3 


1.397 


SA12-8037 





1 


2 





2 


2 


2 


2 


2 


1 





1 


2 


001 


3 


1.267 


SA12-8120 





2 


2 


2 


2 





1 


1 





2 


2 


2 


2 


100 





2.030 


SA12-8139 





1 


2 





2 


2 


2 


1 





1 


1 


1 


2 


oil 


4 


1.189 


SA12-8188 





2 


2 


2 


2 





1 


1 


2 


2 


2 


2 


1 


100 





2.295 


SA12-8241 





2 


1 


2 





2 


2 


2 


2 


2 


2 


2 


1 


010 


1 


0.602 


SA12-8250 





1 


1 





1 


2 


2 


2 


2 





1 





2 


110 


4 


0.767 


SA12-8266 








2 





2 


2 


2 








1 





1 


2 


001 


4 


1.047 


SA12-8506 





1 


2 





2 


2 


2 

















2 


000 


2 


1.267 


SA12-8668 





1 


2 





2 


2 


2 


2 


2 


1 


1 


1 


2 


010 


4 


0.987 


SA12-8768 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


1 


100 


2 


2.185 


SA12-8864 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


100 


1 


2.245 


SA12-8895 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


101 


2 


1.646 


SA12-8983 

















2 


2 


2 


2 


1 





1 





001 


4 


0.963 



Table 5 — Continued 



Emission Absorption 



SA12-9012 





2 


2 


2 


2 








1 


2 


2 


2 


2 


1 


100 





2.301 


SA12-9127 





1 


2 





2 


2 


2 


1 





1 





1 


2 


001 


4 


1.027 


SA15-3841 





1 


2 


2 


2 





1 


1 





2 


2 


2 


2 


100 


4 


1.460 


SA15-3853 





1 


2 


2 


2 


2 


2 








2 


2 


2 


2 


100 





1.471 


SA15-3869 





1 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


1 


010 


4 


1.263 


SA15-3955 





2 


2 


2 


2 


1 


1 


2 


2 


2 


2 


2 


2 


100 


1 


1.470 


SA15-4113 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


100 





2.683 


SA15-4231 








2 





2 


2 





1 





2 





2 


1 


oil 


2 


1.328 


SA15-4272 





1 


1 


1 


1 


2 


2 











1 





2 


100 


4 


0.918 


SA15-4367 





1 


2 





2 


2 


2 

















1 


oil 


9 


1.725 


SA15-4522 





2 


2 


2 


2 














2 


2 


2 


1 


001 


1 


2.015 


SA15-4634 





2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


1 


100 


1 


2.861 


SA15-4662 





1 


2 





1 


2 


2 


2 


2 


1 


2 





1 


010 


4 


0.897 


SA15-4687 





1 


2 


2 


2 


2 


2 


2 


2 


1 


1 


2 


1 


010 


8 


1.211 


SA15-4762 





1 


2 


2 


2 


1 





1 





2 


2 


2 


2 


100 


3 


1.598 


SA15-4828 





2 


2 


2 


2 





1 


1 


1 


2 


2 


2 


1 


100 


2 


1.980 


SA15-4958 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


100 


1 


1.982 


SA15-5005 





2 


2 


2 


2 








1 


1 


2 


2 


2 


1 


001 


2 


1.845 


SA15-5056 





2 


2 


2 


2 


2 





1 





2 


2 


2 


1 


100 





1.650 


SA15-5127 





1 


2 





2 


2 


1 


1 








1 





2 


100 


4 


1.187 


SA15-5231 





1 


2 





1 


2 


2 


2 


2 





1 





2 


100 


4 


0.876 


SA15-5348 

















2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.964 


SA15-5365 





1 


2 


2 


2 


2 


2 


2 


2 


2 





2 


1 


100 


8 


1.538 


SA15-5513 








2 





2 


2 


1 


1 


1 


1 





1 


2 


001 


4 


1.136 


SA15-5596 





1 


1 


1 


1 


2 


2 


2 


2 


1 


1 





2 


100 


4 


0.890 


SA15-5653 





1 


2 


2 


2 


2 


1 


1 





2 


2 


2 


2 


100 


4 


1.257 


SA15-5687 








2 





2 


2 


2 


2 


2 








1 


1 


000 





1.264 


SA15-5731 





1 


2 





2 


2 


2 


2 


2 


2 


2 


2 


2 


000 


9 


1.350 


SA15-6369 





1 


2 


1 


2 


2 


2 


2 


2 











1 


010 


3 


1.047 


SA15-6396 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


1 


100 


3 


1.928 


SA15-6488 





2 


2 


2 


2 














2 


2 


2 


1 


100 


8 


2.044 


SA15-6565 





1 


1 


1 


1 


2 


2 


2 


2 





1 





2 


100 


4 


0.959 


SA15-6595 





2 


2 


2 


2 








1 


1 


2 


2 


2 


1 


oil 


1 


1.734 


SA15-6695 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


oil 


1 


1.626 


SA15-6718 





1 


2 





2 


2 














1 





2 


110 


8 


1.258 


SA15-6846 





1 











2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


0.962 


SA15-6851 





1 


2 





2 


2 


2 


1 





1 


1 


1 


2 


oil 


4 


1.126 


SA15-6968 





1 











2 


2 


2 


2 











1 


100 


8 


0.855 


SA15-7241 

















2 


2 


2 


2 


1 





1 


2 


001 


4 


0.749 


SA15-7277 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


100 


1 


2.337 


SA15-7353 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


1 


100 


3 


2.091 



Table 5 — Continued 



Emission Absorption 



SA15-7399 





1 


1 








2 


2 


2 


2 











2 


100 


4 


0.621 


SA15-7501 





2 


2 


2 


2 





1 


1 





2 


2 


2 


1 


100 


1 


1.762 


SA15-7543 





2 


2 


2 


2 








1 





2 


2 


2 


1 


001 


3 


1.801 


SA15-7589 





1 


2 


1 


2 


2 




















2 


100 


4 


1.103 


SA15-7972 





2 


2 


2 


2 








1 





2 


2 


2 


1 


001 


2 


1.361 


SA15-9157 





2 


2 


2 


2 








1 


1 


2 


2 


2 


1 


100 





1.864 


SA15-9333 





1 


2 





2 


2 


2 

















1 


010 


3 


1.109 


SA15-9562 





2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


100 





2.268 


SA15-9797 





2 


2 


2 


2 


2 





1 





2 


2 


2 


1 


00 





1.796 


SA22-0040 





1 


1 





1 


2 


2 


2 


2 


1 


1 





2 


010 


4 


0.818 


SA22-0062 





1 


2 





2 


2 




















2 


110 


8 


1.154 


SA22-0083 





1 











2 


2 


2 





1 


1 


1 


2 


oil 


4 


0.861 


SA22-0107 





1 


2 


2 


2 


2 


2 








2 


2 


2 


1 


010 


9 


1.448 


SA22-0110 





2 


1 





1 


2 


2 


2 


2 


2 





2 


2 


010 


4 


0.292 


SA22-0128 





1 


2 





2 


2 


2 








1 


1 


1 


2 


oil 


4 


1.024 


SA22-0145 





1 


1 





1 


2 


2 


2 


2 


1 


1 





2 


010 


4 


0.754 


SA22-0154 





2 


1 





1 


2 


2 


2 


2 











2 


010 


4 


0.596 


SA22-0174 





1 


2 





2 


2 


2 


2 


2 


1 








1 


001 





0.827 


SA22-0188 





1 


2 





1 


2 


2 


2 


2 


1 


1 


1 


2 


010 


3 


0.874 


SA22-0189 





2 


2 


2 


2 


2 





1 


1 


2 


2 


2 


1 


001 


3 


1.490 


SA22-0206 





1 


2 





2 


2 


2 





2 


1 


1 





2 


010 


3 


1.010 


SA22-0230 





1 


2 





2 


2 


2 


2 


2 











1 


010 


9 


1.011 


SA22-0240 





1 


2 





2 


2 


2 


2 


2 


1 


1 





2 


010 


3 


0.820 


SA22-0281 





1 


2 





2 


2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


1.022 


SA22-0299 





1 


2 





2 


2 


2 


1 


1 


1 


1 





2 


010 


4 


1.086 


SA22-0300 





1 


2 





2 


2 


2 


2 


2 











1 


010 


8 


1.024 


SA22-0315 





1 


2 





2 


2 


2 








1 


1 


1 


2 


oil 


4 


0.909 


SA22-0331 





1 


2 





2 


2 


2 


2 


2 


1 


1 





2 


010 


4 


0.882 


SA22-0367 





2 


1 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.136 


SA22-0369 





2 


1 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.709 


SA22-0387 





2 


1 


1 


1 


2 


2 


2 


2 


2 


2 


2 


2 


110 


4 


0.709 


SA22-0398 





2 


2 


2 


2 


2 


1 


1 





2 


2 


2 


1 


100 


3 


1.395 


SA22-0413 





2 


1 





1 


2 


2 


2 


2 


1 


1 


2 


1 


010 


3 


0.417 


SA22-0420 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


1 


100 


1 


2.169 


SA22-0435 





1 


2 








2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


0.877 


SA22-0448 





2 


2 


2 


2 


1 


1 


1 


1 


2 


2 


2 


2 


100 


1 


1.202 


SA22-0455 





1 


2 





2 


2 





1 





1 


1 


1 


2 


oil 


4 


1.313 


SA22-0470 





2 


2 


2 


2 


2 





1 


2 


2 


2 


2 


1 


001 


1 


1.470 


SA22-0510 





1 











2 


2 


2 


2 


1 





1 


2 


001 


4 


0.820 


SA22-0539 





2 








1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


8 


0.123 


SA22-0550 





2 


2 


2 


2 








1 





2 


2 


2 


2 


100 





1.627 



Table 5 — Continued 



Emission Absorption 



SA22-0554 








2 








2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.875 


SA22-0563 





1 


1 


1 


1 


2 


2 


2 


2 





1 





2 


010 


4 


0.787 


SA22-0568 





1 


2 





2 


2 





1 








2 





2 


110 


4 


1.270 


SA22-0590 


1 


1 


2 








2 




















2 


000 


14 


1.157 


SA22-0596 





2 


2 


2 


2 








1 





2 


2 


2 


2 


110 





2.190 


SA22-0607 





1 


2 





2 








1 





2 





2 


2 


010 


1 


1.397 


SA22-0619 





1 











2 


2 


2 


2 


1 


1 





2 


010 


3 


0.673 


SA22-0630 





1 


1 





1 


2 


2 


2 


2 


1 


1 


1 


2 


010 


4 


0.753 


SA22-0643 





1 











2 


2 


2 


2 





1 





2 


010 


4 


0.788 


SA22-0651 





2 


2 


2 


2 


1 


1 


2 


2 


2 


2 


2 


2 


100 


2 


1.493 


SA22-0674 








2 


2 


2 








1 


1 


2 


2 


2 


1 


001 


2 


1.493 


SA22-0692 





2 


2 


2 


2 








1 





2 


2 


2 


2 


100 





2.000 


SA22-0710 

















2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.879 


SA22-0717 





2 


2 


2 


2 








1 





2 


2 


2 


2 


100 





2.060 


SA22-0721 








2 


2 


2 


2 





1 


1 


2 


2 


2 


1 


001 





1.483 


SA22-0731 





2 





2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


100 


1 


0.205 


SA22-0735 





1 


2 





2 





1 








2 





2 


1 


100 


8 


1.486 


SA22-0751 





1 


1 





1 


2 


2 


2 


2 


1 


1 





2 


010 


4 


0.471 


SA22-0758 





1 


2 





2 


2 





1 





2 


2 


2 


2 


100 


3 


1.400 


SA22-0770 





1 


2 





2 


2 


2 


2 


2 


1 








2 


010 


4 


0.875 


SA22-0771 





2 


1 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.101 


SA22-0811 





2 


1 





1 


2 


2 


2 


2 








2 


2 


010 


4 


0.344 


SA22-0825 





2 


1 





1 


2 


2 


2 


2 





2 





2 


010 


4 


0.384 


SA22-0854 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


1 


100 


2 


1.667 


SA22-0864 





2 


1 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.130 


SA22-0871 





1 


1 








2 


2 











1 





2 


010 


8 


0.978 


SA22-0893 





1 











2 


2 


2 


2 


1 


1 


1 


2 


001 


4 


0.875 


SA22-0896 





2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


000 





0.425 


SA22-0926 





1 


1 





1 


2 


2 


2 


2 











2 


010 


4 


0.786 


SA22-0948 








2 





2 


2 


2 


1 





1 


1 


2 


1 


001 


2 


1.396 


SA22-0964 





1 


2 


2 


2 


1 


1 


1 


1 


2 


2 


2 


2 


100 


4 


1.511 


SA22-0995 





1 











2 


2 


2 


2 


2 


2 


2 


2 


010 


8 


0.821 


SA22-0997 





1 


1 





1 


2 


2 


2 


2 





1 





2 


010 


4 


0.643 


SA22-1042 





1 


2 


2 


2 


1 


1 


1 


1 


2 


2 


2 


2 


100 


4 


1.525 


SA22-1045 





1 


2 





2 


2 





2 


1 


2 


1 


2 


2 


110 


4 


1.369 


SA22-1055 





1 


2 





2 





1 


1 








1 


2 


2 


110 


4 


1.341 


SA22-1534 





1 


1 








2 


2 


2 


2 











2 


100 


4 


0.470 


SA22-1559 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


3 


1.895 


SA22-1674 





1 


1 


1 


1 


2 


2 


2 














2 


110 


4 


0.879 


SA22-1758 





2 


2 


2 


2 








1 


2 


2 


2 


2 


2 


100 


1 


1.603 


SA22-1813 











2 


2 


2 


2 


2 


1 


2 


2 


2 


2 


100 





1.450 



Table 5 — Continued 



Emission Absorption 













J2 




(Y0( 


(yooi 














o 
a 




ID 


AGN 


[Oil] 


[OIII] 


Balmei 


Balmei 


Fe (23' 


Fe (26( 


Mg (28 


Mg (28 


H&K 


Balmei 


D4000 


Tempk 


Class 


Confidi 


Redshi 


SA22-1833 


(J 


1 


1 

1 


z 


1 


Z 


Z 


z 


z 


z 


z 


Z 


z 


A 1 A 


4 


A 'J AO 

0.30Z 


SA22-1909 


u 


1 

1 


L 


z 


Z 


i 


1 


1 


rv 
U 


Z 


Z 


Z 


Z 


1 r\(\ 


i 


1 /I on 
1.46U 


SA22-1923 


u 


1 

1 


1 


1 


1 


z 


1 


1 

1 


U 


U 


1 


U 


z 


1 1 n 
1 lU 


4 


1 Ayl "2 

l.U4j 


SA22-1951 


u 


1 


Z 


Z 


Z 


u 


U 


1 


A 
U 


Z 


Z 


Z 


z 


1 1 A 


j 


1 /I O /I 

i.4o4 


SA22-1983 


U 


u 


z 


z 


Z 


z 


Z 


1 

i 


A 
U 


z 


z 


<-> 

z 


1 

i 


UUi 


J 


1 /ICQ 

1 .400 


SA22-2045 


U 


1 

1 


z 


1 

1 


z 


z 


z 


rv 
U 


A 
U 


rv 
U 


1 

1 


rv 
U 


z 


UiU 




1 111 


SA22-2122 


u 


z 


z 


z 


z 


1 

1 


U 


U 


A 
U 


z 


z 


Z 


1 


1 

lUU 


A 
U 


O 1 '71 

Z.l /z 


SA22-2172 


u 


1 

1 


z 


z 


z 


1 

1 


1 
1 


1 
1 


1 
1 


z 


z 


Z 


z 




4 


1 

l.JOZ 


SA22-2196 





1 


1 





1 


2 


2 


2 


2 





1 





2 


010 


4 


0.627 


SA22-2237 





1 


2 


2 


2 


1 


1 


1 


1 


2 


2 


2 


2 


100 


3 


1.447 


SA22-2247 





1 


2 





2 


2 


2 


2 


2 





1 





2 


010 


3 


1.039 


SA22-2264 





1 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


4 


1.672 


SA22-2362 





2 


1 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.133 







1 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


4 


1.486 


SA22-2400 





2 


2 


2 


2 


1 


1 


1 





2 


2 


2 


2 


100 


3 


1.969 


SA22-2476 





2 


1 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.432 


SA22-2491 





1 


1 





1 


2 


2 


2 


2 





1 





2 


010 


4 


0.471 


SA22-2526 





1 


2 





2 





2 


1 














2 


110 


8 


1.376 


SA22-2541 





1 


1 





1 


2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


0.617 


SA22-2548 





1 


2 





2 


2 


2 


2 


2 


1 


1 


1 


2 


oil 


4 


1.022 


SA22-2587 








2 


2 


2 


2 


2 


1 





2 


2 


2 


1 


001 


2 


1.395 


SA22-2636 





2 


1 


2 


2 


1 


2 


2 


2 


2 


2 


2 


2 


010 


4 


0.417 


SA22-2639 


1 


1 


1 


1 


1 


2 


2 


2 


2 


1 


1 





2 


000 


14 


0.883 


SA22-2703 





1 


2 





2 


2 


2 


1 














2 


100 


4 


1.339 


SM2-2121 





2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


100 


4 


3.730 


SA22-2788 


1 


1 


2 


2 


2 














2 


2 


2 


1 


100 


9 


1.593 


SA22-2863 





1 


2 





2 


2 


2 


2 


2 





1 





2 


01 


4 


0.918 



'^Balmer lines bluer than H^. 
''H„ and/or H/3 Unes. 



